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TECHNICAL MEMORANDUM X- 73366 


TECHNICAL ASSESSMENT OF HIGH ENERGY ASTRONOMY 
OBSERVATORY-B (HEAO-B) ATTITUDE CONTROL 
AND DETERMINATION SUBSYSTEM (ACDS) 

SUMMARY 


On July 23, 1976, a Team of Marshall Space Flight Center (MSFC) 
Science and Engineering (S&E) personnel under the leadership of Dr. S. M. 
Seltzer was formed to assess the technical adequacy of the High Energy Astron- 
omy Observatory~B (HEAO—B) Attitude Control and Determination Subsystem 
(ACDS) . The Team' s activities culminated in their participation in the HEAO-B 
ACDS Critical Design Review (CDR) on October 19-20, 1976. As a result of 
their in-depth analysis of the ACDS, the Team has found no reason why the 
ACDS will not perform its specified functions adequately. However, 23 concerns 
pointing to potential difficulties were found and delineated; 18 of these were 
issued as Review Item Discrepancies (RID* s) and are presented in Appendix A. 
In every case one or more possible solutions are proposed. TRW’ s responses 
to these RID' s are still under preparation. It is assumed that the RID response 
will be received and handled by the S&E Laboratory responsible for each partic- 
ular item (the initiator of each RID is identified thereon) . The concerns and 
corresponding RID Nos. are as follows: 

Concern No. 1 (RID* s Nos. 1 and lA) — There is no plan to correct 
and update HEAO-B ACDS CDR documentation. 

Concern No. 2 (RID No. 2) — An MSFC-directed change to the HEAO-B 
Contract End Item (CEl) Specification [1] has not been Implemented by TRW; 
i. e. , The prime mode for initiating normal Sun acquisition (NSA) over Ascen- 
sion Island is automafic ( computer initiated) with manual baclmp (groimd 
command). 

Concern No. 3 (RID No. 3) — There is a need uo update the ACDS Sub- 
system Specification J 2] because ACDS performance wHl be assessed against 
this document. 
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Concern No. 4 (RID No. 4) — Methods for eliminating the effects of 
relatively short~term voltage drops due to high current demands [reaction 
wheel (RW) desaturation, etc. ] shoxild be investigated. 

Concern No. 5 (RID No. 5) — If the long pulse logic (LPL) circuit 
"triggers, " the spacecraft power bus is off-loaded immediately, placing the 
observatory in a drift mode. The drift mode is then terminated by either ground 
command or an undervoltage (UV) sensor signal. The UV sensor signal is not 
a reliable means to trigger first Sun acquisition ( FSA) mode because of the 
uncertainty of the remaining battery life. 

Concern No. 6 (RID No. 6) — The present (TRW) plan for LPL opera- 
tions may use excessive Reaction Control Subsystem (RCS) propellant. 

Concern No. 7 (RED No, 7) — The present (TRW) total system momentum 
test level is too low to permit momentum management by judicious target 
sequence selection. 

Concern No. 8 (RID No. 8) — The TRW isolator model needs to be 
verified or changed because indications are that the isolator possesses non- 
linear characteristics. E true, the dynamic response (performance) wiU be 
affected — perhaps adversely. 

Concern No. 9 (RID No. lO) -- The ACDS CDR documentation should be 
corrected to reflect the command pulse width that was used in the RCS qualifica- 
tion tests. 

Concern No. 10 (RED No. 11) — TRW has not shown that the algorithm 
that was developed for a more general ground initial acquisition program will 
work satisfactorily for HEAO-B with its reduced star tracker field of view, 
scan rate> and worse-than-expected gyro drift rate. 

Concern No. 11 (RED No. 12) — TRW and MSFC do not agree on the state 
of batteiy discharge at W trigger point. An agreement must be reached and 
ACDS CDR documentation corrected accordingly. 

Concern No, 12 (RID No. 13) — The value of allowed magnetic moment 
used in the CEI Specification is incorrect. The correct value must be deter- 
mined by TRW and the CEI Specification amended accordingly. 
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Concern No. 13 (RID No, 14) — There is an incompatibility between 
the HEAO-B ACDS CDR Data Package and the HEAO-A Mission Control 
Procedures (HEAO-B procedures do not now exist) in the area of speciRc 
commands for launch configuration and for the procedure for transfer to NSA. 

Concern No. 14 (RID No. 15) — Details concerning the subsystem tests, 
including criteria for assessing test results, do not exist and must be developed. 
Otherwise, the major portion of the Review Team assessment is invalid. 

Concern No. 15 (no RID) — There is no plan for a formal review of the 
ACDS test results; therefore, MSEC has no basis for assuring that the items 
tested will meet their specifications. 

Concern No. 16 (RID No. 16) — At the time the RID was written* there 
was a discrepancy in the numerical value of the focal plane tra 'sport assembly 
(FPTA or "lazy susan") maximiun angular momentum. During the CDR, this 
concern was eliminated after the Review Team read a letter by American Science 
and Engineering (AS&E) to TRW agreeing with the maximum angular momentum 
value of approximately 1 ft-lb-sec stored in the FPTA. However, this momen- 
tum level will trigger RCS firings with the existing dead bands. 

Concern No. 17 (RID No. 17) — in view of the Mgher-than-expected 
HEAO-B magnetic moments, the adequacy of the tilted dipole Earth magnetic 
field model must be assessed. If it is inadequate, a higher fidelity model must 
be used. 

Concern No. 18 (RID No. 19) — TRW should correct the numerous dis- 
ci-epancies that exist in the documents pertaining to flight program requirements 
and design, and to the Transfer Assembly (TA) Specification. 

Concern No. 19 (PID No. 20) — There is no assurance that TRW will 
provide, in a timely majiner, the MSFC design laboratories with the hardware 
component data packages that go with the certificate of qualification ( COQ) . 

NOTE: RID* s Nos. 9 and 18 have been omitted intentionally. 

Concern No. 20 (no RID) — TRW has not completed the response to an 
old action item on HEAO-A which is applicable directly to HEAO-B, namely, 
how to support ACDS anomaly resofiitions and flight software changes after 
November 15, 1976. 
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Concern No. 21 (no RID) — Bi some cases, errors in HEAO-B Pre- 
liminary Design Review (PDR) clocmnentation were pointed out. These errors 
were not corrected in the HEAO-B CBR documentation. Eor example, on 
p. 2-3, Eig. 2-2 of the PDR documentation and on p. 2-3, Fig. 2-2 of the CDR 
documentation the same error still exists? i. e. , the ”HEAO-A/ C RGA” should be 
be ’’HEAO-B RGA. Also, on p. 2-15, Fig. 2-4 of the PDR documentation and 
onp. 2-15, Fig. 2-4 of the CDR documentation the same error still exists; 
i. e. , the RGA assembly arrangement is shown incorrectly. 

Concern No. 22 (no RID) — The HEAO-B ACDS Review Team did not 
follow in detail the disposition of the concerns raised by the HEAO-A ACDS 
Review Team. However, it appears that the latter are not being pursued 
actively. Hence, the Review Team is concerned tliat the HEAO-B ACDS con- 
cerns will not receive appropriate attention. 

Concern No. 23 (no RID) — TRW raised a concern over the fidelify of 
the slosh and RW models that they have been using (Appendix E of Reference 3, 
Memo HEAO-76-460-178, 9 August 1976, p. 31). TRW recommends additional 
analysis and testing to verify these two models. The Review Team shares 
TRW’ s concern. 


I. INTRODUCTION 


On Jxily 23, 1976, a Team was formed to review the HEAO-B ACDS 
(Appendix B) . This was confirmed in a memorandum dated August 3, 1976 
from Mr. Wojtalik to Dr. Lovingood (Appendix C) . The Team was chaired by 

'Dr. S. M. Seltzer and consisted of members of the Data Systems Laboratory 

(Bob Rowe and Charles Collins) , the Electronics and Control Laboratory 
(Dr. George Doane, Robert Milner, and C. R. Sims) , tlie Systems Analysis 
and Integration Laboratory (Paul Craighead, Heannon Hight, and Dr. Maurice 
Singley), the Systems Dyanmics Laboratory (Claude Green, Hans Keimel, 

Dr. S. M. Seltzer, and Harvey Shelton) , and the Structures and Propulsion 
Laboratory (Lee Jones) ; it was entitled tlie ’’HEAO-B ACDS Review Team.” 
The Team was augmented by Mr. Bob Wolf s (EE71) and Mr. C. D. Carlile’ s 
(HA23) participation. 
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The mission of the Team was to discharge S&E’ s ACDS CDR responsi- 
bility by assessing the ACDS’ s technical adequacy and Identifying any potential 
or existing inadequacies. It was plamied to accomplish this mission in time 
for the Team to participate actively in the HEAO-B ACDS CDR. This mission 
was implemented by performing a review of the ACDS design. This consisted 
of assessing the ACDS performance predicted by TRW; determining if that per- 
formance meets the TRW-developed ACDS Subsystem Specification (and if not, 
delineating where it fails to do so) ; determining if the ACDS specification meets 
the MSEC -developed CEI specification (pointing out any discrepancies) ; and 
attempting to understand ejqjeriment requirements that led to the establishment 
of ACDS requirements within the CEI specification. The team mission and 
allied definitions (including a specific assumption by the Team of the definition 
of the ACDS) are included in the Team -generated HEAO-B ACDS Review Team 
Charter (Appendix D). Mr. Hoffman (TRW) provided a comprehensive list of 
available HEAO-B ACDS documentation (Appendix E) . 

It was the Team’ s intention to participate fully in the CDR. This was 
accomplished by reviewing the HEAO-B ACDS CDR documentation [3] and pre- 
paring RID’ s on all discrepancies and concerns uncovered (Appendix A) . Then 
a pre-CDR was held on October 6-7 between representatives of TRW (Dale 
Hoffman, Dr. Dick Rose, and Dr. Ernie Todosiev) ; the Review Team; Dr. 

Steve Murray [Smithsonian Astrophysical Observatory (SAO) ] ; and Ered 
Wojtalik, Bob Wolf, C. D. Carlile, and interested members of S&E to help 
TRW prepare for the pre-CDR; a list of the Team’ s questions was forwarded 
to them (Appendix F) . During the course of the pre-CDR, TRW personnel 
answered most of the questions. An unofficial list of their answers (also in 
Appendix F) was prepared the night of October 6 and presented to the Team. 
Finally, the CDR took place on October 19-20 at TRW. The planned full Review 
Team participation did not take place. 


IL DEFINITION OF ACDS 


To accomplish their mission, it was necessary for the Review Team to 
assume a definition of the HEAO-B ACDS. After hearing Dale Hoffman’ s pre- 
sentation describing the ACDS (Appendix G) , the Team chose to define the 
ACDS to be the spacecraft-borne system that includes: 
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a. T'ae hardware components, 1. e. , the star trackers (ST» s) , refer- 
ence gyroscope assembhes (RGA» s) , reaction wheel assemblies (RWA’s) 
and electronic assemblies (RWEA» s) , Sim sensor assemblies (SSA» s) ,TA 
and digital processor assem.bly (DPA) . 

b. Stabilization and control laws and the software and hardware required 
to implement them. 

c. On-board implementation of pointing, maneuvering, and momentum 
unloading schemes and required associated software and hardware. 

d. Flight software was investigated to the flov/chart level only. The 
adequacy of TRW» s detailed implementation (i.e. , program coding) is assumed 
to be established through the formal flight software qualification tests, the 
informal ACDS tests, and the formal observatory system test (OST) . Neither 
the Review Team nor anyone else at MSPC reviewed the detailed coding. 

The following assmnptions were made: 

a. The ACDS does not include ground software. However, the Review 
Team did investigate those aspects of the ground software that might affect, or 
otherwise influence, the ACDS design and performance. 

b. Ground-generated information (such as two sets of quatermons, the 
RG T-matrix, the RW matrix, and target and maneuver information) used by the 
ACDS is correctly determined and communicated to the ACDS. 

c. All telemetry associated with the ACDS is not included and is 
assumed to meet the requirements set forth by those needing ACDS data. 

d. Flight software was to be investigated only to the flowchart level, hx 
actuality flight software was investigated for technical adequacy as per the flow- 
charts in D01137 [4] and D01138 [5]. 

e. Flight hardware was to be investigated to at least the block ^ag^m^ 
level, ^cause block diagrams can be to varying degrees of detail, the con- 
cerned Team member was to determine the level of detail on a case-bj, se 
basis. 


6 


111. TEAM APPROACH 


The Team accomplished their mission by executing the following 
sequence of events; 

a. Formation of Team and development of mission/ charter 

b. TRW presentation of HEAO-B ACDS technical description 

c. Identification of pertinent up-to-date documentation 

d. Investigation of HEAO-B ACDS requirements 

e. Evaluation and presentation (to Team) of each techmcal poartion of 
ACDS by appropriate technical specialists: 

1. Pointing, maneuvering, and momentum management and asso- 
ciated software 

2. Control laws, stability* flight modes, and associated software 

3. Hardware 

4. RCS 

5. Electrical subsystem 

6. Flight software 

7. Ground generated information used by the ACDS. 

f. Presentation on HEAO-B experiment requirements by J. Power 

(HA24) 

g. Report on criticisms leveled against HEAO-B ACDS from targeting 
viewpoint by T. Recio (EE71) and F. Kurtz (ELI l) 

h. Report on critical single point failure that potentially could affect 
ACDS by N. Milly (EL54) 
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i. Detailed review and foinnai eomments on: 


1. C7''' specifications 

2. ACDS subsystem specifications 

3. Hardware specifications 

4. Software specifications 

j. Status on HEAO-A ACDS team report by 3?. Wojtalik (EE7l) 

k. Detailed review and formal comments on ACDS CDR documentation 

l. Pre-CDR at MSEC by TRW 
m« Preparation of RID* s 

n. Participation in CDR at TRW 

o. Preparation of final report 

p. Disbanding of Review Team. 

Three means were used to record the foregoing events : 

a. A calendar of events (Appendix H) 

b. An action item log (Appendix l) 

c. Written minutes of each Review Team meeting (Appendix J) and 
an interim report (Appendix K) . 

IV. TEAM ACCOMPLI SHMENTS 

The Review Team has accomplished its assigned mission. This includes 
the following achievements: 


a. A eoTiaplete teclmical review of the HEAO-B ACDS as defined by the 
Review Team. 

b. A detailed review of the BEAO-B CEI specification [1] and the ACDS 
subsystem specification [2] culminating in two lists of comments and recom- 
mended corrections (Appendix L) . A major portion of tins effort was expended 
in maldng the two specifications mutually compatible. 3h their ensuing work and 
associated documentation, the Review Team has assumed that their recom- 
mendations will be implemented. If the recommendations are not implemented, 
some or all of the Review Team* s conclusions will be invalidated. 

c. A detailed review of the ACDS hardware and software specifications. 
This resulted in the opinion that the hardware and software, as presently Imown, 
will meet their respective specifications. 

d. A detailed review of the ACDS CDR documentation. This review 
resulted in a number of concerns, most of which have resulted in the submis- 
sion of formal RID* s (Appendix A) . 

e. The identification of pertinent current HEAO-B ACDS technical 
documentation (Appendix E) . 

In addition to the foregoing, a number of action items were generated intemally, 
and responses obtained by the Review Team (Appendix l) . 

V. TEAM FINDINGS 


The major finding is that the Review Team* s investigation revealed no 
reason why the ACDS will not meet its specified performance. This is based 
on the satisfactory elimination of the 23 concerns expressed in the Summary. 
All other technical questions and concerns that arose were answered satisfac- 
torily and are outlined in the Action Item Log (Appendix l) . 

Assumptions made by the Review Team are as follows for convemence: 

a. The ACDS studied by the team is that defined in the section entitled 
'•Definition of ACDS" and in the charter (Appendix: D) . 
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b. It is assumed that the alterations to the CEI specification and the 
ACDS subsystem specification recommended (Appendix L) by the Team -will be 
implemented. It would be incorrect to assess the ACDS with respect to the 
present partially -invalid specifications. 

c. It was assumed that the hardware and software acceptance tests will 
confirm that the hardware and software meet, or are better than, the individual 
hardware and software specifications. If this proves to be untrue, the effect 
must be assessed on a case-by-case basis. 

d. It is assumed that the hardware qualification tests will confirm that 
tile components can survive the environmental requirements of HEAD and that 
appropriate COQ packages, together with approved documentation (waivers, 
deviations, etc. ) , will be generated and a COQ statement signed by TRW- It 
further is assumed that these paclcages will be transmitted in a timely fashion 

to the Reliability and Quality Assurance Office of MSEC for coordination with the 
appropriate design laboratories for certification that TRW has completed neces- 
sary action to comply with MSEC HEAO qualification verification requirements. 
The adequacy will be judged by the data presented because there has been little 
or no witnessing of component tests by S&E personnel. 

e. It is assumed that the 23 concerns listed in the Summary will be 
eliminated satisfactorily. 

The RID» s, summarized in the Summary section, are descmbed in more 
detail in this section. The actual RID’ s are found in Appendix A, Unless noted 
to the contrary, each RID was accepted at the CDR. 

The RID» s are described as follows; 

RID No. 1; Updated HEAO-B ACDS CDR Documentation (Seltzer) — 
This RID requires that the CDR documentation be maintained as a correct, 
up-to-date cohesive document until the HEAO-B actually is laimched. 

• RID No. lA; Clarifying Notes After Memo Titles in Documentation 
Lists (Kennel) — This RID is to be grouped together with RID No. 1. It is to 
provide a means whereby portions of memoranda included in the HEAO-B CDR 
app'ndices that become outdated will be identified. 


RID No. 2; Automatic Initiation of Normal Sun Acquisition (Right) — 

In the discussion of this item at the CDR, TRW* s answer was not satisfactory. 
The flight software may still require a change if the Stored Command Pro- 
grammer (SCP) is used under baseline conditions instead of as directed by 
MOD 121 [6] or if not used at all. A decision to alter the flight program must 
await an SCP decision. 

RID No. 3; Update ACDS Subsystem Spec (Seltzer) — The need for 
updating the specification against which the ACDS performance is measured is 
obvious. 

RID No. 4; Elimination of Effect of Temporary Voltage Drop on Under 
Voltage Trigger (Kennel) — The UV trigger level presently has to be set low 
enough to avoid false triggering on voltage drops due to high electric current 
demands. This RID is related to RID No. 5. Methods for eliminating false 
triggering due to these short-term voltage drops should be investigated. 

RID No. 5: Under Voltage Sensor Setting and Long Pulse Logic 
(Milner) — The concern is tliat if the LPL circuit triggers, then the spacecraft 
power bus is off-loaded immediately and the observatory is placed in a drift 
mode. This drift mode would be terminated by either ground correction or the 
UV sensor energizing the RCS tiirusters and subsequent reacquisition of the Sun. 
TRW* s response to the RID (in writing) was given on the same day. The 
response was brief and did not indicate actions (if any) that TRW would initiate 
ill response to the problems stated. A list of six additional questions concerning 
this same RID was prepared and submitted to TRW on October 20, 1976 
(Appendix N) . A splinter meeting was held with the TRW design personnel on 
the same day. Five of the six questions were answered in the meeting. It was 
requested that TRW follow up with written response to all of the questions. 

TRW is opposed to switching immediately to the FSA mode in case of an 
LPL failure because they claim tlie FSA mode results in a waste of RCS pro- 
pellant. Even if the UV sensor is set to trigger at 26. 5 V, the battery capacity 
is marginal. TRW estimated that approximately 21 amp-lir capacity remain in 
the batteries at this level. This would give approximately 6 hr of remaining 
life in the batteries. 

The Review Team concludes that the UV sensor is a poor indicator to 
rely upon for survival of the spacecraft. Use of the UV sensor aboard the space 
craft tends to give a false sense of security for protection of the spacecraft. 
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The Review Team further concludes tliat the burden of spacecraft survival now 
must be placed entirely upon the Mission Operations Control Center (OCC) 
personnel. Around-the-clock vigilance will be required to detect and to cor- 
rect immediately all anomalies that could eventually result in loss of the 
spacecraft. 

RID No. 6; Propellant Savings Resulting from Planned LPL Operation 
(Green) — This RID states that TRW should provide data to show results of an 
analytical comparison of RCS propellant consumption for the planned LPL 
operations versus immediately switching to the PSA mode. 

RID No. 7; Reassessment of Total System Momentum Test Level 
(Kennel) — An investigation should be made to determine if any deleterious 
effects result from raising the total system momentum test level. Without 
this raise, momentum management by judicious target sequence selection is 
impaired greatly. 

RID No. 8; Telescope to Spacecraft Isolator Nonlinearity Effect on 
ACDS (Shelton) — The TRW isolator model should be either validated or 
changed. If the latter is chosen, a nonlinear analysis should be conducted 
with the new model. 

RID No. 9; Omitted (redesignated RID No. lA) . 

RID No. 10; RCS Command Pulse Width (Jones) — The ACDS CDR 
documentation shovild be changed to reflect the command pulse width used in 
the RCS qualification tests. At the CDR it was concluded that the 40 msec com- 
mand pulse width is equivalent to a 32. 6 msec square wave pulse ( 30 msec was 
used in the simulations) , The ACDS documentation should still be changed to 
reflect this. The 20 msec reference, is p. 6-20, Table 6-4 (pitch roll thrusters) 
of Reference 3; this value is given as the requirement for those thrusters. 

RID No. 11; HEAO-B Ground Initial Acquisition Program (TRW 
Complying with Pai’agraph 3. 2. 1. 2. 5. 8. 3 of HEAO-B CEl) (Singley) — TRW 
must develop f^nd provide supporting evidence that the TRW algorithm developed 
by Dr. Farrenltoff will work for HEAO-B with its reduced ST field of view, scan 

rate, and worse-than-expected gyro drift rate. 

RID No. 12; Battery Depth of Discharge Versus Under Voltage Trigger 
(Hight) — TRW and MSEC need to reach an agreement on state-of-battery dis- 
charge at UV trigger point. ACDS CDR documentation subsequently will need 
to be updated as required. 
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RID No. 13; Cliange of Magnetic Moment Specification (Kerniel) ~ The 
correct value of the allowed magnetic moment must be determined and placed 
in the CEI specification. Mr. Wojtalik withdrew this RID and took an HEAO 
action item to ensure that IdSFC determines a corrected value for the allowed 
magnetic moment. 

RID No. 14: Ihcompatibiliiy Between ACDS CDR Data Package and TRW 
Docimient MP-04S (Mission Control Procedures) (Rowe) — Ihcompatibiliiy 
exists for specific commands for launch configuration and for the procedure 
for transfer to NSA. TRW responds that MP-04S is an HEAO-A document. 

TRW should explain tliis discrepancy, 

RID No. 15: HEAO-B ACDS Subsystem Test Plan (Shelton) -■ The 
details of the subsystem tests must be provided in sufficient detail to show input 
data and teat conditions. Criteria for assessing results must be developed and 
provided with a schedule for accomplishment. 

RID No. 16; Determine FPTA Maximum Angular Momentum (Kennel) — 
Tliis RID was prepared because of tlie Review Team^ s and the TRW HEAO ACDS 
engineers^ ignorance of a eomimmication from AS&E to TRW stating that AS&E 
agrees witli MSFC and TRW on the value for FPTA maximum angular momentum 
(Approximately 1 ft-lb-sec) . The RID was withdrawn by the Review Team. 

RID No. 17: Magnetic Field Modeling (Kennel) — It must be shown that 
the tilted dipole Earth magnetic field model is still adequate in light of higher- 
than-expected HEAO-B magnetic moments. If it is inadequate, a higher fidelity 
model must be used. This RID was withdrawn with RID No. 13 by Mr. Wojtalik, 
and he will cover both RID items in the same action. 

RID No. 18: Flight Software Discrepancies (Keimel) — This RID was 
withdrawn by the Review Team because the substance of this RID is covered 
in RID No. 19. 

RID No. 19; Flight Software Discrepancies (Mght/ Rowe/ Kennel) A 

number of discrepancies exist in documents D01137, D01138, and EQ4-1100A 
[7] pertaining to fliglit program requirements and design and the TA specifica- 
tion. TRW should correct these discrepancies. 
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RID No. 20; Ensuring that Components meet the Specifications 
(Seltzer) — The IVKFC design laboratories must receive the liardware component 
data paclcages that go -with the COQ» s in sufficient time that MSFC can review 
them prior to the dates the COQ» s must be signed. 


VI. ASSESSMENT OF ACDS AND ALLIED SUBSYSTEMS 


The Review Team assessed each portion of the ACDS and those allied 
subsystems that affect it. The assessment is divided into the following areas; 
hardware; structural dynamics; pointing, maneuvering, and momentum manage- 
ment; control laws and stability; flight software; and allied subsystems. Ixi 
general, the description of each begins witli a description of the purpose and 
operation of that particular item or assembly. This is followed by a description 
of its similarities and differences with similar HEAO-A items. The actual 
assessment is then presented in a statement of the abiliiy of the item to perform 
properly and a description of pertinent concerns. In several cases it was 
appropriate to deviate from this outline structure. 


A. Hardware Assessment 




a. Purpose grid Operation. The ftmctions of the DPA are the same 
as those of the flight program which gets executed in the DPA (see section 
on Flight Softwarvs, Para. E, p.27). 

2 

The DPA is a stored program general purpose computer ( CDC 469 P 
computer with 8192 16-bit words of plated wire memory) capable of being con- 
trolled and reloaded in flight. It is a IG-bit parallel processor perfoiming ^ 
fixed point, fractional, and two» s complement arithmetic. It has a repertoire 
of 42 instructions, including some double precision [8] instructions. 


Two identical DPA» s are used per spacecraft. One is in a powered-on 
operating mode and the other DPA is in a powered-off standby mode. 



The DPA interfaces only -with the TA. Power application to and removal 
from the DPA is controlled by command processing logic within the TA. 

Data inputs to the DPA are X6 bit parallel data inputs under DPA program 
control. The DPA selects the input by use of the four channel select bits. 

Three external interrupts, in addition to the direct execute interrupt, 
are available at the DPA input/ output (I/O) . One interrupt is used to start 
the DPA computational cycle in synchronism with the start of the telemetry 
minor frame (eveiy 320 msec). 

Data outputs from the DPA are 16 bit parallel data outputs issued under 
DPA program control. Tlie DPA has a 16 bit output register which presents 
data to the output buffering electronics in the TA. 

TA-DPA controls allow a partial or complete load of the DPA memory 
by use of either the "direct execute" or "stop direct execute" control signals. 
There is, in effect, a direct memory access capability. Protected areas of 
memory may be loaded by ground command via an override signal. 

The DPA and its stored program are not required during the PSA mode. 

b. Similarities and Differences with HEAO-A. The HEAO-B DPA 
is the same as the HEAO-A DPA. 

c. Abiliiy to Perform Properly. There is no reason to believe the 
DPA will not perform its functions properly. 

d. Concerns. There are no concerns. 

2, Reference Gyro Assembly (RGA) . 

a. Puxpose and Operation. Each RGA consists of a rate sensor unit 
(RSU) containing two single-degree-of-freedom gas bearing gyros with loop 
electronics and an electronic control unit (ECU) containing support electronics. 
The input axes of the two gyros witliin each RGA are rotated 58 degrees, 17 
arc rm'Ti so that when aimanged in the orthogonal configuration of HEAO-B, the 
axes of the three RGA» s form a dodecahedron. Only tliree gyros are operated 
at any time with the remaining units powered-off and providing standby redun- 
dancy via ground command. 
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The basic rate gyro instrument is the Bendix 64 PM floated gyro "with 
magnetic suspension; gyros of the same generic series have flown on inertial 
platforms for many years. There have been changes since the original design; 
however, nearly identical units were used in Advanced Technology Satellite 
(ATS) and Orbiting Solar Observatory (OSO) space appb* cations in similar 
flight configurations. The major change in the complete HEAO assembly from 
previous design is the electronics configuration which Bendix changed from a 
separate box, discrete component version to a gyro-mounted hybrid version. 

The key features of the unit, very low drift rate chai’acteristics and low noise, 
allow use of the EGA outputs to propagate an accurate estimate of the attitude 
reference on-board the observatory. 

The functions implemented within each of the gyro channels are as fol- 
lows; each gyro chamael (subassembly) processes the power through a dedi- 
cated supply which distributes conditioned secondary power to the other ele- 
ments of the subassembly. Pulse width modulated binary capture loops are 
used to maintain the gyro pickofEs at null. The output of tliis pulse torque loop 
is a quantized series of binary pulses, hi this design each pulse represents 
an angular increment of 0. 1 arc sec. These pulses are accumulated to provide 
integrated incremental attitude changes over a readout period. 

The power moding and data readout control hmctions are provided by 
signals generated external to the EGA. 

b. Similarities and Differences with HEAO-A. The EGA* s are 
identical for all HEAO missions. The HEAO-A/ C design baseline requires two 
EGA* s. This arrangement provides one level of redundancy within the gyro 
sensing fimction. Tlie HEAO-B design adds a third EGA to provide two addi- 
tional levels of redundancy compatible with the increased mission life require- 
ment. 

c. Ability to Perform Properly. Qualification and acceptance testing 
of the EGA* s have indicated they wiU perform their proper function. 

d. Concerns. Many of the concerns expressed in the HEAO-A ACDS 
report have been resolved by Bendix. These Include successful completion of 
the hybrid electronics fabrication, resolution of all qualifications and acceptance 
test problems including the pyrotechnic shock requirement, and on-time delivery 
of the HEAO-A flight units. 
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Problems in meeting certain specifications, notably tbe voltage sensi- 
tivity drift specification, have been solved by special testing and certain 
relaxations of the specifications. Several minor problems have occurred dur- 
ing HEAO-A spacecraft testing, and these have to be resolved. 

The one concern that still remains is the successful completion of a 
gyro performance vacuiim test. Decisions on where and when to test have been 
delayed; planning is now proceeding to conduct the test in the Electronics and 
Control (E&C) Laboratory in December 1976 and January 1977. 

3. Reaction Wheel Assembly (RWA) . 

a. Purpose and Operation. The BIWA provides a source of bidirec- 
tional angular momentum and torque for the HEAO spacecraft. The angular 
momentum is achieved by rotating an inertia wheel winch is suspended on ball 
bearings. Tlie inertia wheel rotation and RWA torque are generated by exciting 
atwo-phpse, six-pole, ac induction motor. The motor excitation voltage, which 
is provided from the spacecraft, is a two-pliase square wave occurring at a 
nominal fundamental frequency of 125 Hz. The rotor assembly and motor are 
enclosed in an evacuated and hermetically sealed housing which locates the 
angular momentum vector orthogonal to the spacecraft interface plane. The 
motor torque is delivered into this interface plane. The rotational speed and 
direction Information is provided to the spacecraft by a self-excited electro- 
magnetic transducer in conjunction with a shaped notch in the rotor rim. 

b. Similarities and Differences with HEAO-A. The HEAO-A does 
not have a RWA. 

c. Ability to Perform Properly. The ability of the RW* s to perform 
properly has been demonstrated by successful completion of the following tests; 

1. Engineering model tests 

2. Qualification model tests 

3. Certain life testing simulating starts, stops, and reversals 

4. Final acceptance tests of the first flight unit. 
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d. Concerns. The life test was not conducted in a vacuum chamber 
and therefore, the true evaporation rate of the minerej base bearhig lubricant 
was not determined. There is no concern for the 1 yea^,- ^ ision as planned 
but, should it be extended appreciably (2 years) , the lu! a-H may become 
marginal. 

There is a minor concern that the flight unit RW* s built by Sperry are 
not being operated with the flight unit RWEA» s built by TRW until they are 
installed on the spacecraft. In answering this concern, TRW states that the 
qualification and engineering iraits will be operated together and feels that not 
operating the flight units together is a minimal risk. 

4. Reaction Wheel Electronics Assembly (RWEA) . 

a. Purpose and Operation. The primary purpose of tb.e RWEA is 

to provide the required power amplification to drive the RWA motor in response 
to commands issued by the TA. The command input is received as a 10 bit plus 
sign, serial, digital word, and the RWEA motor drive outputs are 2 phase, 

125 Hz square waves derived from the unregulated power bus. To protect the 
RWEA and RWA against damage, a current limiter is provided to prevent the 
equivalent motor current from exceeding 10 amps peak. A thermal shut-off of 
the power amplifiers is implemented, in the event of exceeding specified RWEA 
and RWA temperature limits. In addition, processed telemetry outputs of 
wheel voltage, current, temperature, and period are provided together with 
RWEA converter output voltage and temperature. 

b. Similarities and Differences with HEAO-A. The HEAO-A does 
not have an RWEA. 

c. Ability to Perform Properly. The RWEA* s ability to perform 
properly has been demonstrated only on a breadboard model. This was accom- 
plished with dummy loads and with the engineering model RW. The design has 
been reviewed in depth and appears soimd. The electronics are conventional 
and should present no problems in paclcaging and fabrication. Ihe final proof 
of its ability to perform will be demonstrated by engineering model testing in 
early 1977. 

d. Concerns. There is no design or breadboard operational concern 
with the RWEA. Ifc would seem that the fabrication of the un’t, being as late as 
it is, could produce an impact on spacecraft checkoiit if any significant problems 
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in packaging, fabrication, or unit clieekout should occur. It also should be 
mentioned that this is the only item to our Imowledge that has no equipment 
specification released to date. A draft copy was submitted at the Delta Critical 
Design Audit ( CDA) , signed only by the design engineer. 

5. Sun Sensor Assemblies ( SSA^ s) . 


a. Purpose and Operation. The HEAO Sun sensor complement con- 
sists of two identical units which are referred to as the Y Sun sensor assemblies 
(YSSA) , and a third unit that is referred to as tlie Z Sun sensor assembly (ZSSA) 
One YSSA is moimted with its boresight parallel to the spacecraft +y axis, and 
the other YSSA is moimted so that its boresight is parallel to the -y axis. The 
ZSSA is mounted with its optical axis parallel to the spacecraft +z axis. 

Each YSSA consists of two red>mdant solar detectors which are oriented 
approximately ±45 degrees with respect'to the y axis in the xy plane. Addi- 
tionally, each detector is canted 20 degrees toward the ~z axis to provide a 
nonzero output for the Sun oriented along (or near) the -z axis. The output 
signals from these four detectors are combined in the TA failure mode elec- 
tronics (EME) to provide pitch and roll steering signals and a Sun presence 
signal. The two YSSA’ s provide coverage of the -z hemisphere and that portion 
of the +z hemisphere that is not suitably witliiu the field of the ZSSA. 

The ZSSA contains two distinct types of detectors (a redundant wide ajigle 
detector and two narrow angle detectors) ; 

1. The wide angle detector consists of two pairs of redundant solar 
detectors identical to YSSA. One pair is oriented with respect to the spacecraft 
yz plane in such a way as to provide a pitch error signal over most of the +z 
hemisphere. The other pair is oriented with respect to the xz plane to provide 
a corresponding roll error signal. 

2. The narrow angle detector consists of a system of apertures ahead 
of four solar cells oriented in a quadrant array so as to define the field. The 
four independent quadrant output signals are conditioned in the TA and digitized 
by the analog to digital (A/ D) converter for routing to the DPA. 

The individual quadrant outputs are combined to derive pitch and roll 
Sun attitude. 
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Properly calibrated, these error signals are very accurate within 
approximately ±1 degree of mill and are moderately accurate and monotonic 
over the remainder of the field. 

b. Similarities and Differences with HEAO-A. The SSA^ s on 
HEAO-A, -B, and ~C are identical and are mounted on the spacecraft in the 
same way. 

c. Ability to Perform Properly. No major problems have been 
reported in qualification, acceptance, or HEAO-A spacecraft testing of the SSA. 
A problem, reported as minor by TRW and of which we have only limited infor- 
mation, exists concerning the separation of the electrical connection tabs where 
they attach to the silicon ceE. The problem was reported orally as solved. 

d. Concerns. Documentation on the tab separation problem has been 
requested. There are no other concerns on the SSA^ s. 

6. Transfer Assembly (TA) . 

a. Purpose and Operation. The TA is an electronic unit which per- 
forms interface and support functions for the other ACDS components. It 
accepts commands from the command data handling subsystem (CDHS) and 
decodes and distributes them as necessary within the ACDS. The TA routes 
subsystem measurements and processed data to telemetry, conditions sensor 
signals, distributes clock pulses to the DPA, implements the failure mode 
control electronics, proindes RW actuation commands, and provides thruster 
actuation signals to the RCS. 

The TA provides signal buffering for the RGA^ s, S£'A’ s, RWA^ s, high 
resolution telescope (HRT) star trackers, and incoming commands and com- 
municates with the DPA and its software program. It also communicates out- 
ward to telemetry and provides power level drive signals to actuate the RW’ s, 
RCS thruster valves, propellant isolation valves, and thruster heaters. Search 
continue commands are issued to the HRT star trackers. The TA also imple- 
ments tlie hardwired control laws of the FSA mode, which may be activated 
automatically by on-board logic upon separation from the launch vehicle or 
upon detection of a catastrophic failure [7] . 
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b. Similarities and Differences with HEAO‘-A. The HEAO-B TA is 
the same as the HEAO-A TA. 

c. Ability to Perform Properly. There is no reason to believe the 
TA will not perform properly. 

d. Concerns. There are no concerns. 


B. Structural Dynamics Assessment 

The HEAO-B spacecraft is configured with elastomeric vibration iso- 
lators between the experiment-mounted ST' s and the reference gyro units. The 
ST' s are rigidly mounted on the optical bench of the experiment. The experi- 
ment is mounted in the spacecraft structure on vibration isolators. Their pur- 
pose is to prevent thermal deformation of the structure in orbit from deforming 
and degrading the experiment. 

The ACDS concern caused by the isolators is that the dynamic charac- 
teristics of the actual isolator hardware being procured are different from those 
used in all analyses. The isolator used in the models had a single value of 
stif&iess at all dynamic conditj.ons and frequencies. The isolator actually being 
designed for HEAO-B will contain an elastomer whose stiffness varies with 
frequency and strain rate. Above 5 Hz, dynamic stiffiiess variation with fre- 
quency probably will not be significant. Between 0.1 and 5 Hz, stif&iess will 
vary with frequency nonlinearly. The isolator stiffness also will vary with strain 
rate in a predictable but nonlinear way. One percent damping was assumed in 
the models; the new isolator may have 12 percent damping, in addition, the 
elastomer in the isolator, when load is removed, will not return immediately 
to its original shape (i.e. , it will exliibit creep) . None of these characteristics 
is predictable completely and can only be determined from vibration or imped- 
ance tests of the actual hardware. However, it is certain that the character- 
istics of the actual isolator will not match the characteristics used in the 
analytical models. 

The effects of the new isolator characteristics on the overall ACDS per- 
formance should be assessed (RID No. 8, Appendix A) , The probabiliiy of a 
significant effect on control stability is small but should be evaluated. The 
on-orbit response of the spacecraft to RW unbalance may be affected. The 
effects of low frequency nonlinearly of the isolator should be assessed against 
the variable speed of the RW s. Pointing and star acquisition analyses should 
be reevaluated using the proper stif&iess and creep characteristics. 
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C. Pointing, Maneuvering, and Momentum 
Management Assessment 

1. Attitude References . There are two attitude references: the desired 

attitude reference and the actual attitude reference. Both references are 
expressed with respect to the Earth-centered inertial (ECl) coordinate system, 
and they are in the form of two sets of four quaternions each which reside in the 
DPA as software. The x-axis of the desired attitude reference is aligned with 
the current target direction, and the reference is rotated about the x-axis so 
that the Sun line is in the x-z plane. The desired attitude reference is represented 
by the target quaternion set The quaternion sets for 14 different targets can 

be stored in the DPA as part of the target words. The actual vehicle attitude is 
represented in the DPA by the four quaternions, Q., which are propagated with 

attitude angle increments derived from the strapdown rate gyros. This propaga- 
tion is in closed form and is exact as long as the angular rate of the vehicle does 
not change. When the rate is not constant, the propagation process is equal to 
averaging the rate over the propagation interval of 0. 32 sec. Rate gyro errors 
(misalignment, scale factor errors, drift, noise) cause the to deviate feom 

their proper value, necessitating an update at regular intervals ( see Attitude 
Reference Update in Para. C. 6) . 

2. Attitude Error Generation . The vehicle attitude control quaternions 

Q. and the current target quaternions are used to generate a set of four 

control error quaternions Q by quaternion multiplication. Tlie x-, y-, 

ilfX 

z-attitude errors are then defined as the negative of twice the quaternions 
^E2’ *^E3* 

3. RW Momentum Management. As a baseline, three of the four RW» s 
are used to provide the control system with torquing capabiliiy and, in the 
process, the RW» s store the accumulated angular momentum. The momentum 
storage capability is limited (30 ft-lb-sec per wheel at 2000 rpm) and unloading 
is initiated whenever one wheel reaches 2000 rpm (MOD&=5) . All active wheels 
are decelerated with full reverse current (9.2 amp per wheel) until, individually , 
the speed drops below 100 rpm. When all active wheels are below 100 rpm, 
attitude control reverts to the RW* s. While the RW* s decelerate during unload- 
ing, a reaction torque on the vehicle develops, and the RCS counteracts this 
torque whenever the RCS deadband is exceeded (0.2 degree in x and y and 0.1 
degree in z) . 


4. RW Momentum Envelope. Each RW momentum vector (along the 
wheel spin axis) has an angle of 70 degrees with respect to the vehicle x-axis 
and is equidistant to tlie other two veMcle axes, one momentum vector for each 
of the y-z quadrants. The total momentum envelope for four RW’ s allows the 
inscription of a cone-capped cylinder with a diameter of 3. 76 H (H = 30 ft-lb- 
sec) and a height of 0. 80 H; the cones add 0. 97 H each for an overall height of 
2. 74 H. This cone-capped cylinder describes the usable volume for four RW’ s. 
When only three RW’ s are used (this is the baseline) , the usable volume is 
reduced by a factor of 8 (half linear dimension) because the total momentum 
envelope for three RW’ s is very un symmetrical (a lot less S 3 rmmetrical than 
that for four RW’ s) . WliHe the three-RW momentum envelope satisfies the 
design requirements, a lot of capability is wasted by restricting the software 
not to use four-RW operation. Wliile some momentum management by judicious 
target sequence selection can be done for tliree-RW operation, it would be much 
more efficient for four RW operation. 

5. Maneuvers. Maneuvering (MODE=6) is initiated by the change to a 
new target with its associated set of target quatermons. A large attitude error 
appears, and the control system then nulls these errors. Ideally the vehicle 
woxild rotate about the initial eigenaxis, but other factors (e.g. , disturbance 
torques, inertia crosscoupling, RW torque nonlinearities, etc. ) allow the eigen- 
axis to change direction. No attempt is made to regain the original direction. 
Simulation (by TRW) showed that, despite the eigenaxis change, the vehicle 
X-axis does not get too close (less than 30 degrees) to the Sun line if the RW’ s 
are unloaded before the maneuver. ( The effect of not unloading prior to a 
maneuver with respect to eigenaxis direction change is being evaluated. ) By 
command, the maneuvers can be made eitlier with the RW’ s only or with RCS 
only. The maneuver time is not controlled, and the maneuver is terminated 
(M0DE=4 from MODE=6) when the end-of-maneuver tests are met; these con- 
sist of a check of the remaining eigenaxis angle and rate components. The test 
values for RW maneuvers are different from those for RCS maneuvers. Eor a 
RW maneuver the RCS is disabled (also no RW momentum unloading) . If the 
maneuver is large enough, one or more of the RW’s will saturate (2000 rpm) . 
As soon as one of the RW’ s saturates, its current command is zeroed. When 
all the active RW’ s have saturated, the vehicle will drift until the speed of one 
of the RW’ s falls below 2000 rpm due to friction or the control command calls 
for deceleration. During the RW maneuver the rate gain is changed which in 
effect creates a parabolic switching line (in the rate versus position phase 
plane) . This parabolic switching line ensures a deadbeat response of the 
vehicle. ( No variable rate gain is employed when the maneuver is made on 
RCS only. ) Since the RCS is disabled during an RW maneuver, unduly Mgh 
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disturbance torques (such as an RCS leak) could preclude ever meeting the 
end-of~maneuver tests. Therefore a check is made on the total system momen- 
tum (vehicle + RW' s) to determine whether all the momentum can be stored 
in the RW» s. If this is the case, the end-of-maneuver tests can be met, at 
which time the RCS is reenabled. If the total system momentum test is failed, 
the plus/ minus y-axis RCS thrusters are fired alternately every computation 
cycle to trip the LPL and declare a failure. 

6. A ttitude Reference Update . There are three different methods 
implemente'a to correct the on-board quaternions for residual gyro drift, scale 
factor, and other errors. One method uses ST data; another uses SSA data; 
and the third uses telemetered ground data. Sun sensor updates take precedence 
over ground updates which takes precedence over ST updates. 

a. Quaternion Update with ST Data. Tliis update is done auto- 
matically every 64 sec provided that each of the two active ST’ s tracks a pre- 
determined guide star. The updating is done about all three vehicle axes by 
adding the linearized quaternion difference to the on-board control quaternions 
Q.. Since the difference normally is small, linearization is adequate. Ms- 

match between star information (fotir pieces of information are given, but only 
three degrees of freedom are available) is resolved by least square method 
(pseudoinverse) . 

b. Quaternion Update with SSA Data. This update is done on com- 
mand only. It uses information from the narrow angle Sun sensor (no update 
is performed if the Sxm is not seen by the narrow angle Sun sensor) . The Sm 
sensor update also utilizes a linearized quaternion difference to align the actual 
Sun line-of-sight (LOS) with the desired Sun LOS (Sun .LOS is in the vehicle 
x-z plane, but is allowed to be up to 15 degrees away from the z-axis) . 

c. Quaternion Update with Ground Data. The update by ground data 
is done via quaternion multiplication and is, therefore, exact for any size update 
(not restricted to a small attitude change as ST and SSA updates are). 

7, Assessment and Concerns. Simulation performed by TRW and spot 
checks made by the Pointing Control Systems Branch of the Systems Dynamics 
Laboratory have shown that the ACDS can meet the pointing, maneuvering, and 
momentum management requirements imposed by the ACDS subsystem speci- 
fications. However several concerns were identified (they resulted in RID’ s 
Nos. 4, 7, 13, 16, and 17 and contributed to the generation of TRW Action 
Items Nos. 1, 7, 12, and 14); 
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a. The induced magnetic moments have to be reassessed to insure 
that tliey do not result in a shortening of the mission life due to increased RCS 
fuel consimiption. 

b. The RCS fuel consumption due to the exceeding of the 0. 2 degree 
deadband of the RCS during FPTA reorientations has to be assessed versus the 
effect of an increased deadband on the RW desaturation efficiency. 

The following concerns stem from the fact that the ACDS baseline operation 
stipulates RW desaturation prior to every maneuver, whereas this is not 
desired by MSFC to implement RCS &el conservation by a judicious target 
sequence selection program. 

c. Th 3 torque produced by the RW* s deviates considerably in 
magnitude and dl-ection from the command because of the highly nonlinear 
characteristics of the RW ac motors. This situation is aggravated further by 
limiting the RW current commands independently of each other (rather than 
proportionally) and by zeroing them independently upon RW saturation (rather 
-t-Tifln simultaneously upon saturation of any wheel) . While the crosscouplmg 
introduced by these conditions is not objectionable for the pointing operation 
(especially with an integrator in the loop) , it becomes very detrimental for a 
large maneuver with an initial momentum stored in the RW’ s because this 
causes a large deviation of the eigenaxis from its original orientation (and no 
attempt is made to regain this original orientation) . A study is in progress 
to assess how much initial momentum can be tolerated witliout violating the 
X-axis Sun constraint (the x-axis is not allowed to get closer than 30 degrees 
toward the sunline). 

d. Another concern is the low total system momentum test level of 
10 ft-lb-sec, at wliich the LPL is tripped during an RW maneuver. This level 
is consistent only with RW desaturation prior to every maneuver. It has to he 
raised to accommodate momentum management by judicious target sequence 
selection (a level of 25 ft-lb-sec was suggested to TRW in RID No. ?) . 

D. Assessment Of Control Laws and Stability 

The HEAO-B ACDS operation is made up of three control modes; NSA, 
celestial point (CP), and FSA. There are various submodes, states, and 
conditions of these control modes which have been reviewed but wiU not be 
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discussed here because the control algorithm changes only between the three 
identified modes. Tlie performance requirements are defined in the HEAO-B 
ACDS Subsystem Specification [2] . 

The FSA is a hardwired (within the TA) analog system which operates 
on SSA inputs only. This mode and its implementation is identical to the FSA 
for HEAO-A. No fttrther discussion on FSA will be made here. 

The NSA and CP modes are DPA-controlled and require a nominal 
hardware complement. The control laws for both modes are basically rate plus 
position laws. The rate is derived from body-mounted gyros and the position 
from the on-board (quaternion) attitude reference. The on-board quaternion 
calculations are resident in the DPA. The NSA mode uses the hydrazine 
thrusters of the RCS as actuators. The pulse width modulator (PWM) ouiputis 
the interface to the thruster system. The output from the PWM can vary from 
a thruster commanded ON time of 40 to 318 msec. 

The CP mode can operate with either the RCS thrusters and/' or the RW» s 
as the control actuators. During normal operation of CP, the RCS has a dead- 
band of 0. 2 degree in x and y and 0.1 degree in z. The RW» s are active 
simultaneously and normally keep tlie error from exceeding the deadbands. The 
RCS fires only when the capabilities of the RW have been exceeded, hi the 
CP/RW mode, an integral term is added to the control law to aid in the reduc- 
tion of attitude errors due to low frequency disturbances such as gravity gradient 
torques. 

Based on the TRW analyses and simulations to date, and assuming their 
models were correct, there is no reason why tiie HEAO-B ACDS will not satisfy 
the requirements imposed upon it. 

The only control and stability concerns at tliis time ares 

1. The lack of analysis of the nonlinear isolator between the telescope 
and the spacecraft (RID No. 8, Appendix A). 

2. The lack of a detailed definition of the HEAO-B ACDS subsystem test 
plans (RID No. 15, Appendix A) . 

3. The lack of a requirement for a formal review of the ACDS subsystem 
test results. 
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Concerns have been written as RID^ s and submitted at the HEAO-B 
ACDS CDR. Concern 3 prompted a memo from Mr. Wojtalik (EE71) to 
Mr. Meyer (HA23) requesting a formal review of the ACDS subsystem test 
results for HEAO-A and HEAO-B. The time and date of these reviews are 
pending. 


E. Flight Software Assessment 

1. Purpose and Operation . The flight software, designated EPH-B by 
TRW, is the on-board digital computer program for the HEAO-B ACDS. The 
flight software resides in each of two separate on-board digital coi^.puters, 
called the DPA (described in paragraph VI. A. l) . The flight software provides 
the software functions and operations associated with the observatory attitude 
control and attitude reference as well as the support of command and telemetry 
processing. The detailed requirements are defined in D01137 [4] and the 
detailed design in D01138 [5] . The major functions which are to be performed 
by the software are summarized as follows: 

a. Synchronization --nie computation cycle of the program is 
synchronized to tlie spacecraft CDHS minor frame and major frame clocks to 
facilitate command and telemetry processing operations. The minor frame 
clock acts as an interrupt to the program and causes the computation cycle to 
be reinitiated each 0. 320 sec. The major frame discrete is provided by the 
TA hardware every 128 minor frames (40.96 sec). 

b. Command Processing — Overall configuration andmoding control 
of the program on-orbit are effected by ground commands. Command Inputs 
are processed by the program. Execution of the commands causes the flight 
program to be configured logically to the state specified by the commands. 

c. Sensor Readout and Processing ~ Inertial measurements are 
provided by tlie RGA, SSA> s, and the HRT star tracker. Attitude control is 
based upon SSA measurements during the M^A mode and upon the integrand 
output of the gyros during all otlier modes. The HRT star tracker provides 
celestial measurements for use in reference updating. 

d. Attitude Reference — Algorithms associated with propagating 
and updating an estimate of observatory Inertial attitude are contained in the 
program. The attitude reference is used by the control laws for position 
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information. The reference is propagated by algorithms which utilize only 
EGA data. The reference may be corrected by means of the HRT star tracker 
measurements, SSA measurements, or ground supplied d,xca. 

e. Attitude Control — Control law computations and logic are con- 
tained within the program to generate actuation commands to the RWA, The 
program generated commands are output to the TA which provides the condi- 
tioned electrical signals to the RWA electronics. During RWA unloading or 

upon ground command, the program also provides commands for the RCS for 
jet actuation. 

Telemetry Processing — Collecting and establishing formats of 
quantities contained witliin the program as a residt of the various readout and 
processing functions are done by the flight program as an allocated function 
in support of telemetry. Formats are specified on the basis of telemetry mode. 

g. Memory Load Processing - On-orbit modification of the program 
data base or the program itself is accomplished via the memory load software 
function acting in conjunction with tlie input interface circuit signals. Memory 
load inputs are received from the ground via the command data link. 

h. Self-Tests and Error Checldng — Self-testing of the flight com- 
puter hardware elements and operations as weU as detection of certain apparent 
logical errors will form the basis for software status data to be developed by 
the program for telemetry to the ground. These data are to serve as alerts 
to the ground controllex’s and as aids in redundancy management and fault 
detection. 

Differences with HEAQ-A. The HEAO-B Flight Program is based 
upon the HEAO-A Flight Program, with the following exceptions; 

a. Enlargement of the RGA geometry matrix to accommodate six 
gjx'. channels arranged in a dodecahedron configuration. 

b. Addition of logic calculations to read and command ST* s. ( Cali- 
bration of ST data is a ground function. ) 

4 

c. Addition of logic calculations to read, process, and command 

RW» s using drive current reference and modulated outputs to prevent tripping 

the undervoltage alarm. I 


28 


d. Addition of logic and calculations to update the on-board attitude, 
either by ground command or autonomously, using ST data 

^ e. Expansion of attitude target data for each target to add ST 

information 

f. Change In I/O processing to include two more gyros, three ST' s, 
and four RW' s 

g. Deletion of celestial scan mode 

h. Changed number of selectable targets from 6 to 14 

i. Modified command and telemetry interfaces and order of 

execution 

j. Changed Sun sensor input module to preclude output of the event 
trigger if the flight program ever should be initialized in orbit with the Sun 
present. 

k. Added calculation of system momentum in the RCS computation 
to protect the system against an open thruster during a RW maneuver. The 
RCS will be fired to trip the LPL if a preset value of momentum is exceeded 
(See RID No. 7). 

l. Event trigger No. 3 is issued upon receipt by the DPA of the Gyro 
Reference Reset input 

m. Ofher minor differences 

n. Program size: 

— HEAO-B: 7134 words out of 8192 (12. 9 percent spare) 

— HEAO-A: 4346 words out of 8192 (46. 9 percent spare) 

o. Timing Margin (worst case) ; 

HEAO-B; 269. 8 msec out of 320 msec (15. 7 percent margin; 

— HEAO-A: 164. 3 msec out of 320 msec (48. 7 percent margin) . 
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3. Ability to Perform Properly. The flight program is considered 
satisfactory based upon the HEAO-B ACDS Review Team results and the DPA 
Software Critical Design Audit and is expected to perform properly contingent 
upon the following conditions: 

a> Successful completion and iMSEC acceptance of the Flight 
Program Qualification Testing and Test Results 

b. Successful completion and MSFC acceptance of the ACDS (sub- 
system) Testing and Test Results in Summary (see Concern No. 15 in Smnmary) . 

c. Successful closeout and iViSFC acceptance of the flight software- 
related action items from the HEAO-B ACDS CDR and the concerns listed in 
the following paragraph. 

4. Concerns. No ’’show stoppers” have been revealed in the flight 
software. However, five MSFC concerns involving the HEAO-B flight software 
are as follows: 

a. Description - RID No. 19, Subject: Flight Software Discrepancies 
(Appendix A) specifies anomalies and/ or concerns with the flight program 
requirements (D01137) [4], the flight program design (DO 1138) [5], andtho 
flight program interface with the TA ( EQ4-1100A) [ 7] . 

Action: The RID submitted at the HEAO-B ACDS CDR required 
TRW documentation correction and a TRW written response to be satisfactorily 
closed. 

b. Description — The major concern remains from the HEAO-A 
Observatory CDR (Action Item No. l) which also affects HEAO-B flight soft- 
ware. TRW still must resolve the issue of support to make software changes 
and resolve ACDS anomalies after November 15, 1976. Though HEAO-B ACDS 
and flight software development has now slipped to a February 15, 1977 com- 
pletion date, manpower already is being cixt. The issue of this support is still 

open. 

Action; S&E is awaiting TRW and HEAO Project Office to com- 
plete the action. 
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e. Description — ACDS (subsystem) test adequacy, especially the 
adequacy of the simulated hardware models compared to the "real" environment, 
is an open issue. The performance of the flight software as a key part of the 
ACDS is validated in the subsystem tests. Therefore, these tests are of key 
importance in the software development process; the test adequacy must be 
assured by MSFC. 

Action: An agreement was made at the HEAO-B ACDS CDR for 
TRW to address this concern (Agreement No. 10, RID No. 15). 


d. Description — Three RID» s (Appendix A) addressed ACDS issues 
which may reqvdre flight software constants changes. These are as follows: 

1. RID 2 Automatic initiation of NSA 

2. RID 7 — Reassessment of total system momentum test level 

3. RID 10 — RCS command pulse width. 

Action: RID’ s must be answered and flight software changed if 

necessary. 

e. Description — Three significant potential flight software changes 
were discussed at the ACDS CDR. No RID’ s were submitted because the 
changes represent new requirements. MSFC is processing one change now; 

SAO or Goddard Space Flight Center (GSFC) may submit the other two changes 
to the HEAD Project Office in the near future. The changes are: 

1. Add guide star location data to the DPA telemetry for GSFC 
data reduction and correlation convenience. 

2. Perform on-board angular separation check on guide stars 

prior to attitude update by the DPA (SAO, MSFC/ Mission Operations, and 
GSFC desire [9]) . 

3. Add new option to disable or enable RW desaturation before 
each maneuver, without affecting automatic desaturatlon upon reaching normal 
saturation threshold. (SAO desires to maneuver to targets without automatic 
unloading prior to the maneuver. ) These changes may cause significant 
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software impact because the spare memory { 1000 words) in the DPA is not con- 
tiguous but is scattered throughout the memory in the several software modules. 

Action: 

1. Item 1 requires GSFC to request a change through the HEAO 
Project Office. No other action is anticipated tmtil such an official request is 
submitted by GSFC. 

2. Item 2 has been directed by HEAO Project Office who approved 
Reference 9, submitted by the Operations Development Division of the Systems 
Analysis and Integration Laboratory. Item 2 also is addressed in TRW Action 
Item No. 8. 

3. Item 3 is being addressed by HEAO-B ACDS CDR TRW Action 

Iteni No. 7. 

F. Assessment of Allied Subsystems Affecting ACDS 

1. Reaction Control Subsystem (RCS) . 

a. Purpose and Operation. The RCS is a monopropellant hydrazine 
propulsion system which supplies impulse for maintenance of the observatory 
attitude and RW angular momentum unloading. The RCS consists of two 
propellant/ pressur ant tanlts, two redundant groups of six 1. 0 Ibf thrusters and 
the associated latching Isolation valves, fill/ drain valves, filters, pressiire 
and temperature instrumentation, and thermal management hardware. 

Propellant is fed to the thrusters from the propellant tanic assemblies 
which operate in a blowdown mode; i. e. , tanlc pressure decays as propellant 
is displaced from the tanlc by the fixed quantity of gaseous nitrogen (GN 2 ) 
pressurant. With the mission hydrazine propellant load of 268 lb, the operating 
pressure range of the tanicage is 350 to 140 psia. 

The RCS will be capable of providing a total linear impulse of at least 
19 000 lb-sec, where all impulse is obtained using firing command pulses of 
no less than 0. 040 sec duration. Thrust differential between any two thrusters 
which provide torque about the x and z spacecraft axes is <5 percent at beginning 
of life (BOL). 
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The RCS schematic is shown in Figure 1. The RCJS receives all thruster 
firing commands from the ACDS» s valve driving electronics (VDE) located in 
the TA. These VDE receive their driver commands (l) automatically from the 
ACDS DPA, or (2) by real-time ground command to the ACDS. The ground 
issued manual firing commands (40 msec minimum duration) can be used ”in 
addition to” or ”in lieu of" the "on-board" automatically generated ACDS firing 

commands. 


The observatory is launched with all crossover valves closed (open in 
flight) and all VDE» s disabled. At separation from the Centaur, a Propulsion 
Enable (PE) signal is generated automatically which enables the requisite 

VDE» s. 


All 12 thrusters (i. e. , six in bank 1 and six in banli 2) are designed 
with normally closed dual coil-dual seat solenoid valves for ON/ OFF control 
of propellant fl ow. The "A' »-Coils on a1 1 12 valves are hardwired to TA-A 
while the "B"-Uoils are hardwired to TA-B. 

Two ACDS signals can reconfigure automatically the isolation valves: 

c LPL — LPL detects anomalous condition and (l) closes both thruster 
bank isolation valves, (2) disables catalyst bed heaters, (3) disconnects both 
28 Vdc supplies to thruster valves, ana (4) signals the spacecraft integration 
assembly (SIA) wliich removes all nonessential loads from the bus. 

^ XJV — UV signal (l) opens primary banlc isolation valve, (2) con- 
nects 28 Vdc supply to primary thruster valves, (3) closes redundant banlc 
isolation valve, (4) disconnects 28 Vdc supply to secondary thruster valves, 

and (5) disables all catalyst bed heaters. 


The third valve — same design as the "ISO" valves — is used as a 
"crossover" between bank A and banlc B and can only be controlled by ground 
command (i. e. , no automatic reconfiguration) . 


The RCS/ ACDS schematic which Illustrates the command interfece 
between the two subsystems for failure mode operation is shown in Figure 2. 
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Figure 2. Command interface between RCS and ACDS. 


b. Mathematical Modeling. The E.CS as such is not modeled 
mathematically. The ACDS design verification model uses the following to 
represent the RCS thrusters; 

« Thrust “ Regarded as a linear function of tanlc pressure, with 
these endpoints; 

0.93lbf(BOL) 

0. 30 Ibf (EOT) 

where EOL is end-of-life value. 
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« Pulse Width — The simulation assumes a square wave thrust 
pulse of 0. 030 sec, which is compatible with the impulse delivered in an actual 
thruster firing of approximately 0« 040 sec* It is expected tliat the actual num*" 
hers from the RCS qualification test will be incorporated into the ACDS simula- 
tion at a later date. 

• Valve Delay Time -- Not used in the design verification model — 
may have been used in the stability analysis model. 

c. Similarities and Differences ivith HEAO-A. The RCS hardware 
for HEAO-B is identical to that for HEAO-A. The differences are in the duty 
cycles. HEAO-A and HEAO-C use RCS control only, while HEAO-B employs 
RW control with momentum unloading provided by the RCS. 

d. Ability to Perform Properly. The RCS is ejipected to perform 
properly on the HEAO-B mission, based upon successful flights of the dual 
thruster module (DTM) on Pioneer 10 and 11, and successful qualification 
for ELTSATCOM, HEAO-A, and Program 8623 (a classified program). All 
the other RCS hardware similarly has flow on previous missions. 

The hot-fire qualification test program has been completed successfuHy, 
and the DTM demonstrated 11 640 lb-sec impulse, 1200 sec of steady-state 
operation, 108 062 bed ambient starts, 203 721 total starts, and 80 Ibm of 
N 2 H 4 total throughput during a combined HEAO-A and HEAO-B mission duty- 
cycle. Thrust degradation at the end of qualification testing was less than 
10 percent on thruster QOOl, and less than 16 percent on tliruster Q002 
{ steady-state) . 

AH the other hardware, such as tanlcs, latching valves, pressure 
transducers, etc.. , have demonstrated capabilities on other programs which 
are in excess of those required by HEAO-B. They have been qualified by 
similarity. 

e. Concerns. Concerns are as foUows: 

1 . All TRW documentation should reflect a command pulse width 
of 40 msec minim-um. A RID -was -wri-tten to implement tSiis change. 

2. The spacecraft should be launched -with the crossover valve 

closed. It will be opened for normal flight operations to pe:mait simultaneous 
usage of propellant from both tanlts. TRW has agreed oraUy to this. 
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3. Several catalyst bed heaters failed during component qualifica- 
tion for ITLTSATCOM. TRW checked 100 percent of the HEAO heaters and 
rejected all of those which showed a tendency toward the same failure mode. 
Furthermore, failure of a single heater on a given thruster will not prevent 

the successful operation of that thruster because there are three per thruster. 

4. If the operational mode of the HEAO-B spacecraft as defined 

by TRW is correct, a sufficient number of "cold starts" (catalyst bed temperature 
approximately 70 °F) have been demonstrated. H, however, more than approxi- 
mately 75 such starts are anticipated, a concern exists because cold starts 
decrease overall thruster lifetime. 

2. Electrical Subsystem. 

a. Capabilities. The design of tlie electrical power and signal 
distribution between the electrical components of the ACDS was reviewed in 
detail and appears satisfactory. Review of tlie design of the control integration 
assemblies (ClA* s) revealed that they are similar to that of otlier distribution 
boxes used on the HEAO-B spacecraft, e.g. , the power control unit (PCU) , 
spacecraft Integration assemblies (SIA» s) , and experiment accommodation 
assemblies (EAA* s) . All of these distribution assemblies are made up of a 
niunber of "slices" or modular paclcaged electrical components. Spacecraft 
distribution boxes peirfoiming similar functions are built from slices of the same 
design. Review of the ACDS electrical cable harness design and circuit protec- 
tion methods revealed them to be similar to that used on otlier subsystems of 
the HEAO-B spacecraft. Redundancy of wiring in the power distribution circuits 
of many circuits of the ACDS is the same as was done for other HEAO-B space- 
craft subsystems. 

The basic difference between HEAO-A and HEAO-B is that tlie HEAO-B 
ACDS is larger by the addition of four RWEA’ s, four RWA» s, one gyro elec- 
tronics assembly, and one RGA (one RSU and one ECU) . 

The ACDS is supplied electrical power (28 ± 5 Vdc) from the spacecraft 
power bus located in the PCU. This power bus is a single bus and is a potential 
"single failure point" for the HEAO-B spacecraft. The TRW design group has 
taken precautions to protect the power bus from failure inside the PCU. All 
external electrical load circuits fed from the power bus to the spacecraft com- 
ponents are fused to protect tlie electrical cable harness and power bus. 


Electrical power is supplied to the bus from three batteries and an array 
of solar cells. Loss or failure of a single battery or a portion of the solar array 
results in a degraded power output, but not loss of the total mission. The bus 
voltage is prevented from exceeding 33 Vdc by use of a shmt regulator system 
that primarily operates in conjunction with the solar array which supplies power 
to the bus during the sunlight portion of the orbit. If the spacecraft electrical 
loads on the power bus are ’’small" and the solar array output is "high," the 
shunt regulator system is reqiured to "load” the power bus and thus maintain 
the bus voltage at 32. 7 V maximum. During orbital operations, battery power 
is always available to the power bus. An on-board detector called the UV sensor 
c^ initiate corrective action to switch off all nonessential loads from the power 
bus if the bus voltage drops to a preset level (23. 5, 24. 5, 25. 5, or 26. 5 V) . 
Operational "undervoltage" can result from many causes, including abnormal 
power usage by the experiments or spacecraft subsystems, abnoiTnal solar 
array orientation due to anomalous attitude control performance, or a failure 
in the power subsystem. Whenever a preset bus voltage is reached, the fol- 
lowing automatic operations occur in tlie HEAO-B spacecraft; 

1. Experiment nonessential power is switched "OFF." 

2. Experiment standby heaters are switched "OFF." 

3. Nonessential ACDS equipment is switched "OFF." (DPA, RGA, 
including heaters, CIA converter, RWEA’ s and RWA’ s) . 

4. RCS catalyst bed heaters are turned "OFF. " All other RCS heaters 
remain "ON. ’’ 

5. RCS thruster commands are switched to redundant thruster bank. 

6. Data handling (i.e. , TLM) is switched into "engineering" format. 

7. ACDS is switched into FSA mode. Transferral of the ACDS into this 
mode results in automatic reacquisition of the Sun. The spacecraft continues 
to operate in this manner until the OCC identifies and corrects the anomaly 
which produced the bus UV. 
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b. Concerns. There is concern over the fact that if the LPL circuit 
triggers during orbital operations, tlie observatory is placed in a drift (ho 
control) mode awaiting correction of the anomaly from the ground or if it 
cannot be corrected in a timely manner, the UV sensor is depended upon to 
energize the RCS thrusters and reacquire the Sm in the z axis. It is strongly 
felt that use of the UV sensor is not a reliable means to trigger the FSA mode 
after an LPL failure. To insure observatory survival, it is recommended that 
the LPL circuit also immediately trigger the FSA mode rather than await the 
UV signal. 

RID No. 5 on this concern was submitted to TRW at the HEAO-B ACDS 
CDR on October 19, 1976. 

c. Summary of Findings. Findings were as follows: 

1. The remaining capacity in the new HEAO batteries is 
marginal even at the high setting (26. 5 V) of the UV sensor. It is estimated 
that 21 amp-hr capacity remains in the batteries at this bus voltage level. This 
would give approximately 6 hr of battery life witli only survival electrical loads 
energized. 

2. TRW is opposed to switching immediately to the FSA mode in 
case of a LPL failure because they claim the FSA mode results in a waste of 
RCS propellant. (TRW has not shown the propellant tradeoff. ) 

3. Chance of a LPL failure during the mission is high (0. 750 ) . 

d. Conclusions. Conclusions are as follows: 

1. Tlie UV sensor is a poor indicator to rely upon for survival 
of the spacecraft. The UV sensor will be reqmred to be "disabled” and 
"enabled" many times during the HEAO-B mission when momentum management 
of the RW* s causes the bus voltage to drop. This large number of cycles of 
disabling and reenabling of the UV sensor raises the question of whether the UV 
sensor would be enabled when it might be needed. Use of the UV sensor tends 
to give a false sense of security for protection of the spacecraft. 

2. IE the ACDS is unchanged, the burden of spacecraft survival 
must now be entirely placed upon the Mission OCC personnel. Around-the- 
clock vigilance will be required to detect immediately and correct all anomalies 
that coxild eventually result in loss of the spacecraft. 
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3. In comparing the choice of conserving RCS propellant and 
relying upon the mission operations persomiel to detect quicldy and correct 
the anomaly before the batteries are ’’dead” or immediately switching to the 
FSA mode in case of a LPL faihxre, the latter is recommended. 

3. Ground Software . 

a. Purpose and Operation. The ground support software for 
HEAO-B is being designed, implemented, and verified by GSFC. Support 
software is broken into two categories; OCG and post facto Attitude Ground 
Support System ( AGSS) . The OCC software consists of preliminary processing, 
display, and htunan decision based on spacecraft telemetry as well as routing 
of spacecraft attitude sensor information to the AGSS. The AGSS has five 
optional functions which it can perform: initial reference determination, 
calibration, Master Observing Program/ Detailed Observing Program (MOP/ 
DOP) , reference reacquisition from a lost condition, and generation of uplinlc 
commands. 

(1) Initial Reference Determination — Purpose of initial refer- 
ence determination is to determine the attitude in ECI coordinates of the space- 
craft subsequent to ACDS and ST tum-on. Due to physical limitations of the 
ST, high voltage of this instrument may not be turned on for 48 hr after launch. 

(2) Calibration — Software for calibration of the attitude sensors 
is an option of the AGSS. Basically this option provides solutions to partial 
derivatives of the state quaternion with respect to the biases and misalignments. 
It is expected that tins option will be performed only once after critical sensor 
tum-on and when a different attitude sensor is turned on. 

( 3) MOP/ DOP — This software yields an optimum observing plan 
at least 1 week in advance of target viewing while keeping within guidelines set 
by the experimenter and/ or mission operations. 

(4) Reference Reacquisition from a Lost Condition — This 
software has not been defined completely yet, but will include all or most of 
initial reference determination (l) together with a plan for recovering from 
being lost ”in the small. ” 


(5) Generation of Uplink Commands — Tliis option codes the 
resulting infonnation from Paragraphs (l) , (2) , (s) , and (4) into a format 
that the on-board system imderstands. Mission operations people uplink this 
information and/ or commands to the spacecraft by computers in the OCC. 

This option is not defined outside of that part used by HEAO-A. 

b. Simularities and Differences with HEAO-A. Paragraphs (s) 
and (4) of this section did not exist in HEAO-A. Paragraph (l), Initial Refer- 
ence Determination, uses the same method as HEAO-A except the spacecraft 
scan rate is reduced from 0. 18 to 0. 1 degrees/ sec and the field-of-vlew of the 
of the ST from 8 x 8 to 2 x 2 degrees. Pai-agraph (s) , Generation of Uplink 
Commands, is the same as HEAO-A except some commands are not used for 
HEAO-A. 


c. Ability to Perform Properly. There is no reason to believe any 
of the software'in ftiis section will not work properly. The supporting analyses 
and a ground software acceptance test plan will be presented to MSEC by GSEC 
during January 1977. 

d. Concerns. Initial reference determination has not been shown 

to work with HEAO-B limitations of reduced scan rate and tracker field-of-view. 
Tills concern is expressed in a RID to HEAO-B ACDS CDR data package. The 
RID was accepted, and supporting evidence was documented in mid-November 
1976. Until this evidence is analyzed, the concern remains. 

4. Star Tracker (ST) Assembly . 

a. Purpose and Operation. The ST, which is built by the Honeywell 
Radiation Corporation of Lexington, Massachusetts, provides celestial pointing 
capability for the HEAO-B Experiment and the observatory with up to 1.0 arc sec 
accuracy. 

A reflective lens optics system and an image dissector photomultiplier 
tube, using magnetic deflection and focusing, form the heart of the system. 

This combination generates a search pattern over a 2 X 2 arc degree field-of- 
view by deflecting an instantaneous image of 2 x 2 arc min to scan in a digital 
raster of 64 x 64 with 4096 discrete positions. When a star of proper magnitude 
is detected (determined by the photoelectron count per sample and being greater 
than a preset number) , the tracker switches to the ’’track" mode. 
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The track mode forces the image to scan in a square pattern of four 
separate positions. With an error signal derived from the summation of the 
four image positions, a closed servoloop allows the tracker to follow the 
radiometric center of the star. 

The mean deflection error current required to keep the image patterns 
around the center of the star represents the analog position of the star image 
in the tracker field-of-view. This signal is averaged 32 times and supplied as 
a position output every 320 msec. The output is via a 40 bit word with 15 bits 
(weighing 0. 225 arc sec/bit) for the x axis position and 15 bits for the y axis. 
The remaining bits are for system status and star magnitude. 

The tracker has a shutter which is closed by a bright object detector 
when the telescope is too close to a bright source. A light shade on the tracker 
allows it to operate as close as 11 degrees to the Earth limb of a sunlit Earth. 

b. Similarities and Differences with HEAO-A. The ST on HEAO-B 
is an entirely different tracker from the one used on HEAO-A. The one 
similarity is the image dissector tube used in each tracker, type E4012 manufac 
turedbyITT. The procurement specifications are somewhat higher for the 
HEAO-B tracker. 

c. Ability to Perform Properly. Honeywell Radiation Corporation 
has completed testing of the engineering model, and they are now completing 
testing on the qualification model. There are no indications at this time that 
the tracker will not perform to specifications in orbit. Obtaining 1 arc sec 
accuracy with a tracker in space is approaching the state-of-the-art, but test 
results have indicated that this can be obtained. 

d. Concerns. Historically there have been concerns with flight ST 
about the protective shutter operation because it is usually the only electro- 
mechanical part in the ST system. It is subject to mechanical binding or 
improper operation due to thermal and vibrational stresses. The shutter in the 
HEAO-B tracker is extremely simple and should be very reliable. The only 
problem experienced with tliis shutter was due to an improper magnetic sliield 
design which impeded the magnetic operation of the shutter motor. The 
problem was corrected by increasing the spacing between the shield and the 
motor housing. The Guidance, Control, and Instrumentation Division of the 
Electronics and Control Laboratory has reviewed the design change and con- 
curs in it. 
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5 . Command and Data. Handling: Subsystem ( CDHS) . 

a. Purpose and Operation. The ’’command” and ’’data handling” 
functions are grouped into a common subsystem and produced as a common 
assembly (DHA). The CDHS performs three basic functions: 

1. Command Processing — The subsystem demodulates, 
authenticates and distributes ground commands, and processes on-board stored 
commands to control spacecraft operations. 

2. Telemetry — The subsystem samples, conditions, and for- 
mats science and spacecraft data for real-time telemetry transmission. The 
subsystem also provides precision timing pulses to experiments and spacecraft 
users. 

3. Data Storage — The subsystem controls the two on-board 
tape recorders for storage of formatted data during periods when the spacecraft 
is out of sight of a ground station and transmits stored data when ground station 
communications are reestablished. 

In addition to performing the task of demodulating, decoding, and dis- 
tributing real-time commands to the spacecraft and experiment users, the 
command function also loads data into the DPA memory and the SCP memory. 
This is accomplished by means of a direct interface between the primary 
command decoder (PCD) and the TA, and the PCD and the SCP. 

The data handling portion of the CDHS encompasses the telemetry and 
data storage functions. It operates in a real-time mode, telemetering data at 
a fixed 6.4 kbps rate to the baseband assembly and transmitting the data to the 
two tape recorders. 

b. Similarities and Differences with HEAO-A. HEAO-B CDHS is 

essentially the same as HEAO-A. ^ 

c. Ability to Perform Properly. There is no reason to believe that 
it will not perform properly. 

d. Concerns. The only known concern relates to the reliability of 
the SCP. MSEC has directed TRW to implement a change in wMch the SCP 
would be used as the prime means of initiating NSA after ascension. TRW 
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has not accepted this change (the change is implemented in the DPA softv/are, 
however) because of their concern for the reliability of the SCP. sub- 

mitted a RH) at the ACDS CDR concerning this matter (RID No. 2) . 


VII. CONCLUSIONS 


The HEAO-B ACDS Review Team has completed its four month assess- 
ment of the technical adequacy of the HEAO-B ACDS. As a result of its detailed 
analysis of the ACDS, the Team has found no reason why the ACDS will not 
perform its specified functions adequately. However, 23 concerns that point 
to potential difficulties were found and delineated; 18 of these are in the form of 
RID’ s (Appendix A) . The concerns are summarized in the Summary of this 
report. 
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Updated HEAO-B ACDS CDR Documentation 


The HEAO-B ACDS CDR documentation is the fatest description of the ACDS. It probably is the only /] 
Idocumentation that will exist until the Flight Readiness Review. Hence, it is imperative that it be maintained as 
SS-to-datt cotellv, Socu™ until the HEAO-B actually 1s launched. This updating should take place 
in the form of errata sheets or page change sheets {i.e., updated pages). TRW 
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a^rlet i ik“g at SSloirte or Incorrect Infontatlon. To date, the folding corrections are to he Incorporated 
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meaning clear), 36-38, 39 (same comment as Item 27), 41 (see IRW's comment: either summarize Action Items, 

Arouments Alerts, and Responses as an appendix to the CDR documentation or append the referenced FOR closeout 

5 I 1 _• \ AC /to cn iin TRU'c i”esponse to MSFC's question), 51 (want a summar' 

a summary located in one place in the CDR 
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.1 


-_2-j3CLOCi';OU'n 


:~3 


. ,C1 lr*t\i:i'l: 


cos 




Ar F tiG V.\ L (SURE FaVlSO fi) : 

OKGINATOll: 

r nOJECT CLCSUHH: 



1 



” 

CAV'i: 

DATE: 

DATE: j 




Hi l tim> nr C.OMMI NTG on PUnUCATIONS 


Ptvjc 1 of 6 

rf 

October 4, 1576 


I 


lllAO-i! ACDS cull (;’f)U00-4&0-04Z, 19 October 1976) 
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S. M. Se1t/.or, IlLAO-B ACDS Review Team, MSFC 
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1- 3 

2 - 1 
2-1 
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2-3 

6 

2-5 

7 

2-5 

8 

2-5 

9 

2-7 

10 

2-7 

n 

2-7 

12 

2-8 

13 

2-8 

14 

2-8 


Glossary is incomplete (e.g., DMA, PSU, TRIU, K'/E, etc). 

2.1 I 14 I hltii "...on-board logic upon either separation from..." 

2.1 t 15 I Do you want to use the vjord "IflSlPIEflT" (as shov/n) or th' 

word lUCIPIOlT (different spelling, different ireaning)? 

Is its use as an adverb modifying "catastrophic" the 
use you really Intend? 

Figure 2-1 does not Indicate inputs to PGA 5 and 6 from 
non-essential bus pov/er and sv/itching commands. (!o 
inputs to RGAs from Transfer Assembly are indicated. 

VJhat is the significance of dashed and solid arrows from| 
Transfer Assemblies for Star Tracker control? 

Figure 2-2 is not labeled properly for RGA orientatiofis. 
Also, it docs not show the angle between RW's and major 
axes of spacecraft. 

lastl Question. Are narrow angle ZSSA sun aspect signals used 
actively in the on-board control, or only to augment 
ground attitude determination? 

Replace " sun point failure mode" with "first sun 
acquisition mode." This shouTd be done throughout the 
documentation. 

Question. What actions have been taken to assure correc 
telemetry signals, i.e., no Inversions as received on 
ground? 

last! Add: The present planned operation is to enter NSA via 
sent.l command from the SCP before loss of tracking at Ascensioi) 

CEI and ACDS subsystem specification nomenclature mode 
should be made compatible. 

11 1 Comment: FSA is also initiated fay LV separation signal. 

4 1 During pointing, the x-z plane is constrained to + 1° 

of the sun Tine. This should be stated. 

Star tracker data correction is done on the ground. 

When is the last possible date for defining operating 
characteristics and calibration data for the ST without 
impacting either the flight ACDS or the ground softivare? 


• R,l,tenci to llni numbtr within Ih* pitagiiph or lubptrigtiph. 
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MtOKO OI (OMMI.NI'j ON PUBLICATIONS 

lilAB l> /u:ns cim 19^ Oct ober 1976) 

s. M. Si'U/pr, lUAO-ll Acns Rnvlow Team, H5FC 
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16 2-9 2.2 


17 2-10 


18 2-n 2.3 


19 2-12 

20 2-12 

21 2-15 5. 3.4.2 7 


22 2-15 


25 2-21 


26 2-22 


COMMENT worrtina of ricommtn^fid ehingi muil bi | 

Question. What Is the TRW rationale for not svfitching 
inyimtllatcly to FSA instead of waiting for under voltage? 

Describe LPL and when enabled so It all can be found | 
at one location in documents. j 

On this end all other such blank pages, the comment I 
''INTEflTIOhALLY LEFT BLAIIK" should be placed. Otherwise 
the recipient might suspect a printing error. | 

When do we find out if the component specs are met? 1 
In several places TRW suggests need for more tests, j 
(Example; App. E, memo HEAO-76-460-178, page 31). I 

To what do the four asterisks refer? j 

RW weight is 30.5 pounds instead of 29.5. f 

RGA assembly arrangement picture is incorrect. This 1 
item was v/rong in the PDR; we recomr.ended at that time 
that it be corrected; this has not been accomplished j 
and is still incorrect! I 

I Spec is stated incorrectly, 1 

Drift Characteristics: g-insensitive value should be j 

5.0°/HR instead of 3.Q°/HR. 

Voltage Sensitivity; g-insensitive value should be 

o.oi°/HR/vorn 

Magnetic Field Sensitivity; g-insensitive value should j 
be 0.2°/HR HAX: 

RW weight is 30.5 pounds instead of 29.5. 

0 Mo tor Torque : 17.0 in-oz. This is the number we have 

recommended be standardized in the CEI and ACDS specs. 
However, it is not the value used in a number of recen 
TRW memos. 

0 Tachmeter Output ; This value is misleading and might 
lead the reader to assume a D.C. value, rather than 
pulses, as the output. 

Direction of arrow between Switching Regulator and Pulse 
Width Modulator should be reversed. 


♦ ait.r«ne « t(i lln» nuwbit wlWln tin ptruniili oriubp«r»g(iph. 
USFC.Farrnim (Ausurtltlll 
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3 

3 

3. 1.1. 2. 5 

2.4 

...3.2 2 


. , .3.2.3 


.3.2,4 


...3,2.6 


...5.8.2 


... 5.8.2 


— 

— 

— 

-- 

4.2 

last 

Fig. 5-1 




4 Mt.UAi Ml (I ti I ijt I 

Mumlil iti< lit'lf all current Xll's (!.CH I'v?) iri'.i'.-j'l of 
sln|>|.iiii) (it '.Ul 7. 

Defiiii.* iii'dIkiIit 1 i ty as it appliot in C'"'!* o.-fj-jiroront. 
Make it a tiv fu1 quantity. Inoert an e/orptf;. 

Ui’litie jiUtr per i'll tiuUnHted ky the Poir.tiri'j Control 
Syslnti'j liralii.li (LLili!), MCFC. 

What in oiiini f icance of tv/o probability valoeo and how 
is each viriiiod? 

Add a subpara'iraph 3. 1.1. 1.2 - Perff Tance Poirt 
Sun line v, I'.hin IS"* of S/C z-axis. The z/ pl<i’re o'naTl 
be v/ithin + 1“ of the sun line. 

Update Vi.utin^ per SCfl 9, the experiment ventir <3 '^aoes 
total anquyar"^ siomentuni < 500 ft-lb-sec, instead of TLCi. 

Update per SCfl 14, separation rates, x- 1 .1'Voec.a/es 
perpendicular to x- 1.5“/sec. 

3 

Chamje the value 150,000 gauss cm to correct ore (see 
recoiiiiTiendi’d spec changes from Reviev; Teaui). 

Does "Provided;'' refer to "no single point failures?" 

Flight Pronram ; Insert comma: "...mode rontrolj_ rot 
used..." 

Fligh ' Prog ram ; Define "emergency" mode as F 5/- rode. 

Power ; Put a numerical value in rather than ’’Tuu’." 

SCN suivjiiary should include at least SCfls 1-15 or later 
as appropriate. 


initiation of NSA at separation? 

Where omitted (such as in Action Items 6 ard 7), 
summarize the responses to each Action Item, 

How docs one get from ttode F-1 to Mode 0 (c^f)? Which 
modes art impossible to yet to from which -her r.odes? 
Identify v/hat dashed lines signify. 
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Mtuic 0 

•i 

t. 

(Jill '.1 inn; l.'li.tl, lf|irtil,ry i'. rf-cnived in 'V.'I'- OV Is 
I'A on or oM in r!n<'r. 0 (off)? Are tbore of 

Mndl- {)? 
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Hoda 4 

6 

f}iii''.li(m: Wli.if, df li.riiiino''. the 64 'jocond ir j.Vr-" 
VJill this ufidiil.e ii.n/e to be rcore often if rate 
drift more th.in iillov/ed by cjiec? 


Ti-9 

5. 3, 1.1 


rntne i toms are not Lon.patible v/ith similar iv.- ' the 
Mi!,sion Control Procedures (correct title?) 7?-* ' 


5-8 

Table 5-2 


In the last para, of p. 5-7, three Corrar/Js are 
identified as critical. They should be so idc-ntif-cd 
on Table 5-2. 

-1/ 

5-10 

5,3.2 


Same comment as Item 45 above (Exanplet "VA-A First 
Mode Leave "in this document is identifies as "TA-3..." 
in MP-04S; the latter probably is correct). 


5-13 



The sentence "The wheels are then run to 2CC0 ^>1'. 
the maneuver begins" should read "The wheels are 
accelerated and the maneuver beninsT’' ~ 

<19 

5-24 

— 

— 

Figure 5-9 should Indicate interface between GPE i< 
RGA's. 

<>0 

6-4 

6.2.1 


i 

Recommend change in procedure to allow for P.G 
calibration before beginning the scan for ground 
attitude determination and sotting the NSA scan rav. 
as high as possible (in real time). 

I'l 

6-8 


Add 

Discussion on NSA capability vs requirements. Incl-.t 
both rate and attitude initial conditions. 

''Z 

6-20 

Table 6-4 


Reconcile gains in table 6-4 with those in App. E, 
memo HEAO-76-460-175, p.2. Reconcile difference of 
maximum rate gain (15) of same memo and Flight Progro. 
Requirements Document D01137 (500). 

I'J 

6-21 

6. 3.2.1 


Discuss resolution of problem of not meeting "Absol'Jte 
pointing accuracy" v;hen guide stars are separated by 
less than 1.8 degrees. 
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ItiAii-H ACUS CUI{ (26000-460-0A2, 19 October 1976) 
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S. M. Soltzort IICAO-D ACDS Review Team, MSFC 




11 1 M 
NO. 

i»Ai;C 1 

PARAOnAPH 

LINE* 

COMMENT fflKACt wurdlng of rtcommencfnd changt mutt bt givin) 
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1 ■ 

5^28 

6. 3, 2.1 


Describe the sloshing and structural interaction 
simulations that have not been released. (See App. 
memo -178, p. 31, v;hich says additional modelling of 
slosh is recommended. Memo also shov/s marginal stability 
for variations considered and says additional testing 
of RWEA is required, p.20). 

55 

6-42 

6. 4, 2.1 


Summarize numerically the requirements for separation 
rates and attitude initial conditions along v;ith the 
capabilities. 

56 

13-7 



Provide detailed HEAO-B ACDS subsystem test plans 
(describe all test cases planned). 

57 

14-1 

14.2 

0-16 

There is no problem with the system momentum test no 
matter what initial momentum the maneuver was started 
from. 

58 

14.2 

14.4 


Since the momentum at maximum FPTA speed is only 
slightly more than 1 ft-lb-sec there is no problem. 

59 

\pp. B 

Software 

Documentat 

Ion 

D-1137 of 21 dune 1976 should be referenced, rather 
than 12 January 1976. 
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General Comments 

1. The earth magnetic field is modeled as a tilted 
dipole (HEA0-74-460-G84) with the justification that 
magnetic torques are small with respect to the gravity 
gradient torques. Since the recognition of a 4ir error 
in the magnetic torque model this assessment may not be 
true any more and a more accurate model of the earth 
magnetic field may be necessary. 
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2. Describe planned activity and schedule for resolving 
effect on ACDS of telescope to spacecraft isolators. 
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3. In the Appendices: Portions of the TRW memos are 
obsolete and h»nce incorrect. These obsolete passages 
should be identified* 

63 


• 


4, The first time the period-fer one revolution of the 
RW is mentioned, the magnitude should be described as 
well as the fact that the direction of revolution is 

identi fied. 
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i;u nun or U1MMLNTG ON PUHLICATIONS 

I!IA() H Acns CUK { JKiOnO- A (jo-0'1 P, 19 October 1976) 

S. M. St’H/cr, lif-AO-fl ACOS Review Team, HSFC 
I ••Aiu I l•AnA»lm^H line* comment ickici wotdina or nco 


cjArci 

October A, 1976 



comment (EkicI wotdlnd of rtconimtndid ching* muit b« 


RCS command pulse vndth should be O.OAO sec, not 0.030 
sec, 

VJhat is the projected life time for HEAO-B with 263 ' 

pounds of propellant, based upon RCS Qualification 
Test Data and latest ACDS simulations? 

Initial acquisition requirement has not been complied 
with as stated under capability column. The documented 
supporting analysis has not been shov/n applicable. 
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■ hEAO-B ACDS CDR dasumentation appendices 



1 ■ ::z-..:zzi clocequt r: 
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rrnz’i Z f (achc;nee): 

A'rF f.G V A L (SU P £ R V I SO R) : 

ORGINATOR: 

NASA I-nOJECT CLOilURH; 

i 

DATE: 

DATE: 

DATE: 


■ f • , M‘i ' .^ry » ) 


REVIEW ITEM DISCREPANCY! RID) 


TRACKING NO, - 

DATE: 10-13-76 

PAGE . 1 OF 2 

OFiGINATOR: jj, Hight ^ 'Z- 

SCHEDULED COMPL: 

RID NO. 2 

ACIIGNED TO: 

NASA CHAIRMAN; 

END ITEM NO. 

ACCEPTED BY; 

REVIEW: 


SUiIJECT; 


Automatic Initiation of Normal Sun Acquisition 


DESCRIPTION: 

A change was directed by MSFC (MOD 121, CCBD AC2-01-0528) for TRW to implement the following in the fIEAO-/I 
CEI Spec: "The prime mode for initiating normal sun acquisition over ascension is automatic (computer initiat- 

ed) with manual backup (ground command)." The implementation involves an "array safe" command signal to the 
DPA which in turn issues an event trigger to the SCP. The SCP times the entry into the NSA minutes after 
separation. 


Problems ; (a) .This change has not been implemented in the CEI Spec for HEAO-B but is implemented in the 
flight software. The flight software design and requirements and the CEI Spec, should be 
compatible. An SCN should be issued by TRW on the HEAO-B- CEI Spec. 

(b) This change has not been implemented on HEAO-A or -B due to SCP reliability concerns. The 
SCP, according to TRW, "may be a single point failure if inadvertently started early in the 
launch sequence." Since the SCP was already to be used as backup, to ground coirmands before: 
this change was directed, then the SCP may be a single point failure source alreadv. TRW 

j i.n , " 


REFERENCE; 




I HEAO-B ACDS CDR (26000-460-042, dated 10-9-76, page 

2-7, para. 2.2). 

¥ 

1 • • ' JCLOSEOUTI 1... L . 


ACTION TAKEN: 


• 

.. . 

• , 


» 

• 1 * 

ACT ION BY (ACTIONEE); 

APPROVAL (SUPERVISOR); 

ORGINATOR; 

.> 

NASA PROJECT CLOSURE; 

TE: . 

DATE; 

DATE: 

DATE; 




05 

05 
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nil) 


F;E=VlEVVtTl*l/ij3!SCl!;:rAHCY 

I ijjo n C-I.1 NO. 1 


I’AGli 


o. 


Description (Continued) r ' , 

Criteria for Closeout 

a. Action by TRW to provide SCf? r change flight program. 

b. Action by I» to cooXv. olnsl. polM X.Xl-rc -„ccr« of SC» io olchoc or propped obese 

to initiation of NSA. 

. Update ACDS CDR documentation as appropriate. 


c. 
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IXOUD OF COMMENTS ON PUBLICATIONS 

DATE; 

10-13-76 

•utl.'l C 1 . 






m)ll37 - riii'.lit ProRrnm Requirements Document - HEAO-B 


JU V(b!ON t S t KUMi 




ITfM 

NO. 

PAOC 

PARAGRAPK 

UNE • 

COMMENT {Esael wording of retommerHled change must be given) 

1 , 

2-1 

2.1 

6 

72M10067 is not latest issue, which is Revision A, dated 
11-15-74, plus SCN's lA and 2 thru 15. 

2 

2-1 

2.2 

6 

Reference 1, ACDS (Subsystem) Specification, is not 





latest issue which is Revision A, 

dated January 6, 1976, 

3 

2-1 

2.2 

8 

Reference 2 should be EQ-1089E, dated 9-12-75 to be 





latest issue. 


4 

2-1 

2.2 

10 

Reference 3 should be EQ-llOOA dated 7-18-75. 

5 

2-1 

2. 1-2. 2 


All other referenced documents should be checked for 


thru 



latest issue data and incorporation of latest require- 


2-2 



ments into D01137. 






(Concern: In Items 1 thru 5 above, have the latest 





requirements been incorporated into Che D01137 require- 
ments document? VJhy were the outdated Issues referenced?) 

6 

3-16 

3. 1.2. 2, 7 


Bit 13 of the Input Discrete Format is defined as "SPARE.'* 
This disagrees with EQ4-1100A, page 7, Table I-l, which 
defines this bit as "Propulsion Enable" in column i>110X 
(Input 13). One of the definitions needs to be corrected. 

7 

3-25 

Table 3.1- 

L 

Specifically define each bit of subcom words 21 thru 25. 

8 

3-26 

3.1.2.2.13 


Three bits are decoded to determine the control mode, 
according to this paragraph. This disagrees with 
EQ4-1100A, page 24, 6th column of Table 0-1, vdiich shows 
bit 0 = Mode 0, bit 1 = Mode 1, and bit 2 = Mode 2. One 





document should be corrected. 


9 

3-82 

3.2.22.2 


What calculations are done in double precision in the 

• 


-• 

' 

DPA? Where defined or listed? 


1 * Refarenc* to tine numDQr Within tht pATiguoh Of subDirsgriph. 

_ 


MSFC- Form 1 101 {Ausuil 1113) 
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KCCORD of COMME^4TS ON PUDLiCATlONS 


10-13-76 


I Q'l - 1 1 0O.\ j I'ciu i pni cMit Spec, 'frnnsfer Assombl 

Vlt.liiNNOUil miM; 


ITI^M PA\“" paragraph line* comment (E«acl wording oI recominbnaDd chan'jc mult bo given) 

NO. 


7 Table J-1 


24 Table 0-1 


24 Table 0-1 


23 3. 2. 1.2. 6 


Table 1-3 


Column #110X, Input 13 needs to be defined as “SPARE" 
to aeroc with D01137, page 3-16, bit format definition. 
(See D01137, comment 6.) 

“Discrete Outputs" column in Table 0-1 defines four bits 
of interest. The remaining bits arc “don't care" bits. 
However, Table 0-3 shows a five bit code required for 
the various discrete outputs. Table 0-1 should be 
corrected to show five bits. 

“Mode Bilevel Buffer" column in Table 0-1 uses bits 0, I, 
and 2 defined as Mode 0, 1, and 2, respectively. They 
should each be defined only as "Mode Bit" since the three 
bits are decoded to determine the mode, *as shown in 
D01137, page 3-26, para. 3.1.2.2.13 (see D01137, 
comment 8} . 

Bilevel data bits are not defined in Tables 0-2 or 0-3. 
Table 0-2 defines Output Address Bits and Table 0-3 
defines Discrete Output Data Bits. The Mode Bilevel 
Data Bits are not defined in EQ4-1100A as stated in this 
paragraph. Add a new table. 

Ground Reference (Channel 15) is not described. VJhat is 
function of this command? 


* R«l«renc9 to lino number wUhtn the or subpira^rapri 


USFC«roma UQ4 (AusuiUtit) 









1 


1 


1 


\n t.OKD OF COMMCNTS ON PUDLtCATIONS 


Page 1 of 4 

OArr,; 

September 15, 1976 


(it 


Siihsy.tciii Specification - ACDS HrAO-D (SS7-29A) 


VIMON Not I ^ I itnMr 

S. M. Seltzer, HCAO-D ACDS Review Team 


IM M 
NO, 

PAOE 

PAAAOnAPM 

LINE* 

COMMENT iCxict woriin0 of f«cnmni*n4«(] chfngt moil b» flNto) 

1 




Need to add a preface (In some form). In It there Is a 
need to clearly define the probabilities used 1n the spec, 
including over what time duration the probabilities state! 
are applicable. Those definitions must be used uniformly 
throughout the specifications. The manner in which TRW 
will verify these probabilities must be defined. These 
probability definitions must be used uniformly throughout 
the other applicable IIEAO specs. 

2 

3 

2 


Change last item from TBS to D01137. 

3 

3 

2 


Add new Item; D01138 - ACOS HEAO-8 Preflight Interface 
Program Requirements Document. Also add documents 
referenced in Item 22 (below). 

4 

4 

3.1 


Change quantities of OPA's from one to two. 

5 

4 

3.1 


Change last item from TBS to D01137. 

6 

4 

3.1 


Add new item; same as Item 3 above. 


— 5_ 

Fig. 3.1 


Add (2) under block title: Transfer Assembly. 

"s' 

"'s" 

Fig. 3.1 


Add (2) under block title: Digital Processor Assembly. 

9 

7 

3 . 1 . 9 ' 

2 

Change to "....data processing, mode control, " 

10 

8 

3.1.10 

1-2 

Change "refer to" to "referred to as" 

n 

10 

3.2,2 

4 

Change sentence to read "condition by ground command 
either from the OCC In real time or from the SCP." 

12 

10 

3.2.2 

4 

Follow above sentence (Item 11) with "The term ground 
command implies either Immediate response or conmand that 
was stored and used later. 

13 

11 

3. 2. 2.1 

1 

Changefirst sentence to read; " enter the Normal Sun 




. 

AcquIslLluii mulie only upon command, with Initial entry 
based upon launch vehicle separation." 

14 

11 ' 

3. 2. 2.1 

- -5 

Change "sun point mode" to "Normal 'un Aeguisition mode." 

15 

11 

3. 2.2.1 

7 

Add; "When sunlight is not present, the ACDS shall cause 
the spacecraft tc hold the attitude existlno Upon entry 
into the eclipse condition." 

16 

12 

3. 3.1.1 

4 

Check correctness of "probability .99"; shouldn't it read 
"probability .997"? 

1 * *^***f<nc* to nn« rtumMr witmnihs ptrtf MDn or lubpiiftjriph. j 
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1 


I 


1 


1 


page d or <i 


RCCORD OF COMMCNTS ON PUDUCATIONS 


OAiri ' 

September 15, 1976 


/ Subsystem Specification - ACOS IIEAO-Q (SS7-29A) 


nti ViMMN Mtm s 1 < 

1 S . M 

. Seltzer, MEAO-C 

ACDS Review Team 

HIM 

NO. 

PA(1G 

I'ARAORAPH 1 wINE • 

COMMENT (E*«ct of r«comm«ntft<S cngr>g« muil btgivtn) 

17 

\ 

12 

3. 3. 1.1 

7 

"(3o)" is incompatible with stated probabilities. 

18 

12 

3. 3. 2.1 

4 

T8D needs to be defined for the minimum time In minutes 
tRat sunlight must be present for observatory to sun 
point successfully In iiormal Sun Acquisition Mode. 

19 

12 

3. 3. 2.1 

7 

Change last line to read: "be maintained compatible with 





the star tracker spec." 

20 

13 

3. 3, 2. 2 

22 

Insert sentence before last sentence. The attitude about 
the x-axls shall be maintained within 1° {0.68 probability) 

21 

13 

3. 3. 2. 2 

2 

Add: "...from any initial attitude and body rate 

compatible with those specified In the CEI soec so Iona 

22 

13 

3. 3. 2.2 

3 

as...“ 

Add to end of para: "This time accounts for v/orst case 

body rates as set forth In TRW Memoranda HEAO-7 5-460-21 7 





and HEAO-75-460-531." 

23 

13 

3. 3. 2. 2 

6 

Add to end of para: "When sunlight Is not present, 

attitude control Is Inactive In the First Sun Acquisition 
Mode." 

24 

15 

3. 5. 1.2 

4-6 

Delete last sentence of para. 

25 

15 

3. 5. 1.2 

8 

Change verbage to read: "...consist of an adequate numbe ' 





of modes. . ." 

26 

15a 

Table 3.1 


Where Is referenced Fig. 1-37 If It exists, where then 
are Fig. 1-1 and 1-27 

27 

15a 

Table 3.1 


What Is the usefulness of last three columns (apparently 
concerned with complimentary strips). 

28 

17 

3. 5. 1.6. 5 

4 

Change "thrust vector" to "spin axis." 

29 

17 

3. 5. 2. 2 

* 

Three TBD’s need to be defined for number of telemetry 
words: analog, discrete bilevel, and digital. 

30 

18 

3. 5.3.1 

3 

Change to: "...pulse commands of no less than 0.040 • 

second. ..." 

31 

18 

3. 5.4.1 


If no experiments contain fluid, delete section 3. 5. 4.1; 
If any experiment contains fluid, change "None" to "No 
significant dynamic effect." 

32 

18 

3. 5.4. 2 


Change title to "Disturbance Torques" 


' R«f«rinc« to not numMr wllh(n p<r«9rtph Ot iubpaisgriph. 


1(3 KC > Fotttt t Ml (Aufuti mil 


ORIGINAD PAGE IS 
DS POOR ftUALTTY. 
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f’flfjc 3 of 4 


I 


Kl i OND OF COMMLNTS ON PUnL»CATIONS 


ORir- 

September 15, 1976 


SiihsysU’in Specification - ACDS lOO-B (SS7-29A) 


\ I fJ* U I *-» I tM* 

S. M, Seltzer, IIEAO-B ACDS Review Team 


1 1 1 Kt 
NO. 

taoc 

PARAnPAhH t 

JNE* 

COMMENT (Citcl wnrdinp of racommandad changa muit 

33 

18 

3. 5. 4. 2.1 


Add section 3. 5. 4. 2.1 entitled “Vcntlnq Disturbance 
Torques." Use 'orbaqe of former 3. 5. 4. 2. 

34 

18 

3.5. .2.2 


Add section 3. 5. 4. 2. 2 entitled "Experiment-Induced 
Disturbance Torques" and add verbaqe to cover disturbance 





torques due to FRTA and other experiment c<iij1pment motlors 
during orbital operations. 

35 


3. 5.4. 4 

1 

Change "store" to "stored." 

36 


3. 5. 4. 4 

2-3 

Change to "...capability to store and maneuver to 14 
pre-selected targets." 

37 


3. 5.4.4 

4 

Change to "...orbit, with storage of at least 7 orbits 
in advance. . 

38 

22 

Table 4.1 

22- 

Put table number on each page of the table. 




27 

39 

24 

Table 4.1: 

6 

Change "jitter 1 Sec In 1 sec" to: 



3. 3. 2. 2 


"Jitter 

about y, z-axls; 1 'Sei 1n 1 sec 
about X-axis: 20 -Sec In 1 sec 

40 

28 

6.1.1 

4 

Change "Coarse sun sensing" to "± y-sun sensor assembly.' 

41 

28 

6. 1.1.1 

1 

Change "fine sensing portion" to "narrow angle portion." 

42 

28 

6. 1.1.1 

3 

Change + 3“ to + 30". 

43 

28 

6. 1.1.1 

4 

Change "Coarse sensing portion" to "t y-sun sensor 
assembly," 

44 

28 

6 1.1.2 

1 

Change entire line to read? "The output of the narrow 
angle sensina elements and the wide angle sensing 
elements,...” 

45 

28 

6. 1.1. 3 

1-2 

Same as Item 41. 

46 

28 

6. 1.1.3 

•3 

Same as Item 43. 

47 

28 

6. 1.1. 3 

5 

Change Coarse sensing function" to "± y-sun sensor 
assembly function." 

48 

28 

6. 1.1. 3 

7 

Change "ten degrees" to "3.2"." 

49 

29 

6. 1.1.4 


6. 1.1. 4 Paragraph does not state which sensor, wide angl 
or narrow Is being addressed. Values do not agree with 





equipment spec, suggest rewrite as follows: * 


* Xq iln* numMr within tht pir« 9 riph ot iubp*r« 9 raph. 


M8PC»ranam^MAu|uMilll) 


r 


1 


H! i;nUD or COMMENTS ON PUDLICATIONS 

• I lit M ( I ~ T 

Sulr S|icci fication - ACDS IIEAO-0 (SS7-29A) 

\ I N011 *; f uiiM; 

S. M. Soltzcr. IILAO-a ACOS Review Team 


Hafje 4 of 4 

rm I f; 

Septef.iber 15, 1976 


•''''IE rAHAOBAPH LINE • 


50 

33 

6.1.6 

51 

34-40 

6.2 

52 

41-47 

6.3 

53 

49 

6.4.1 

54 

49 

6.4.1 

48-50 


6.4 


COMMENT (Eiicl woMiln, of r«eomm,nd«d thing* mull bi tlatn) 

*6. 1.1. 4 Accuracy 

The detector functions shall exhibit the 
accura<^1es specified over the fields of viev/ specified. 

*6 . 1 . 1 . 4 . 1 Wide Angle Detector 

The null accuracy of the v/lde angle pitch 
detector and wide angle roll detector shall be within 
t 3.2® with respect to the subassembly optical axis. 

*6. 1.1. 4. 2 Narrow Angle Detector 

Given the cross angle 0 (or .a), the angle a 
(or e) shall be determinable from the calibrated output 
characteristic within the following accu.-acy; the 3o 
error In the indicated output shall be i 0.6® + 10« of 
the t.-ue input, angle witnin t 20® of null and shall be 
less than t 13% of the true input angle over the remainirg 
field of + 30° each axis. The true Input angle is defined 
with respect to the subassembly axes in the ZSSA equipmert 
specification. 

Make 20 In-oz of this spec and 17 In-oz of the hardware 
spec consistent. 

Boll this entire academically fascinating tutorial 
treatment down to Just the requirements. 

Same as Item 51 above. 

Why separate columns for x, y and z? They appear 
identical (except for one omisslonj. 

Take another look at the entire table. Fill In the blankk 
or tell why they are left blank. Update It. 

Prepare a similar error budget for each of the modes as 
defined in para. 3.3 (as modified by this document), not 
just the attitude determination mode. The error budget 
should be separated into two classes: (1) subsystem 
performance specs, and (2) equipment {''block box") 
equipment specs. This section should constitute a 
summary that consists of a single place to look for any 
error source within the ACDS. 


I * R4f<finc» to lint ngmbif iwitfifn p<f<gfiph or qr 5 pl>, 

MbFC* rorta I Ml (Auiurt IMt| 


PAGE IS 
05 POOS CWAIJTY' 
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-3 


Kl VI'. VV V lll‘> Klf’AMCY(KtO) 



rAip.: October 12, 1976 

.^/\GE OF 

UV V 1 " H. F. Kennel 

sCHt7D"L: jTO.Vin.: 


•'•VV 


rwon C:\iMO. 

* • f i i ; i’’ ' 't' : 


IaCVIGVV: 


Elimination of effect of temporary voltage drop on under voltage trigger 


:-li yhe under voltage trigger level presently has to be set low enough to avoid false triggering 
voltage drops due to high, current demands (RW desaturation, etc.). This causes concern about the reman nrng 
batte?y lifL* Methods for elimination of the effects of these relatively short-term voltage 
investioated Possible solutions include; (a) Heavy filtering of battery voltage upstream of UV detector, 
(b) disLling of UV detection during known high current periods; (c) allowing use of UV signal only if under 
voltag^is still detected several minutes (about 6 minutes) after the first under voltage detection. 


on 


^ See S'f 


HEAO-B ACDS CDR documentation 

.'.'.11 !u.'» i A.sLN: 


1 _l 

» . — 

I 

Ai i:'RG'.V'.t (SLr'v:Rvt.soa); 

OKCIWATOlt: 

rvlAMA .' nOJFCT CI.CVlUKc: 

1 

DAYH; 

OAie: ■ ■ 

DATE: 




\ 





DATE: 10/13/76 

OUKUNATOR: R. W. MILNER 

SCHEDULED COMPL: 

assigned TO: 

accepted BY: 

NASA CH.AIRMAN: 


SUBJECT; long PULSE LOGIC 


fio S' 

PAOU 1 OF 1 


ACTIO N ITCH N O. 
KND ITEM NO, 


REVIEW TYPE; 


DESCUIPTION: There is^concern over the fa^ that the LPL ^onq -rSoS^not 

sensor^irto be set at the 24.5 volt level at when the bus voltage drops to 24.5 volts? 

0 How much capacity ('’'°'"^t case) rcma re-acquire the sun from a worse case condition? 

Does sufficient p^;er inadvertent '‘trips" of the UV sensor when the Reaction Wheels 

III Paging '"°"'®'^tum?t"« ^ prepared? 



■>* ' ■ — iB. <KA T 


0 

0 


uefERENCE: (26GOG-460-042. 19 OCT. 1976) Page 2-9. Para. 1 


ACTION TAI<IEN: 

'CLOSEOUTt. - — • -•- 

' — 1 


ACTION BY (ACTIONEE) : 

.APPUOVA L (SUP EH V ISOR): 

ORIGIN ATOR: 


DATE : 

DATE; 

DATE! 

DATE: 











r-‘ 





WCVILA'. niM Disc Kt f'ANC Y(Kin> 


^•o 

D.MG: October 12, 1976 

P/.GE OF 

; -T N'.' H. F. Kennel 

s.'ii::C>i.u.FPcrN;in.! 

RIOfJO. 7 

, • “ . i' 


fMD ITilM ,MO. 1 ' 

■ vy; 


F,FV|u'.V: 

■ V V. V . t i 

Reassessment of total system momentum test level 


The referenced memo recommends a total system momentum test 


-Tb-sec'. nTT s Tow 'Tev'el 

wouid'rL'e'^y mJ?,InS'irna5menrb7Sdi" sequTncrselectio^r impos^i^ momentum 

« abi?u; "^h^onen'trSSSftion from^RCS on a component basis (data ^om the reference 

tr-arcin of at least eight. For momentum management a test level of 25 ft-lb-sec (for 3-RU operation; ana . 

tin f‘-lh-sec (for 4-RK operation) would be adequate in conjunction with a scaleup of the total x-moraentum exponent 

I rl'f 


* Alternatively the first row of the TEW and the inertia matrices can be scaled up (if they are not used also 
someplace else). 


r .T-" ’ HEAO-B ACOS cor documentation (p. 14-1). 

I Memo "Recovery from, large disturbances during RW maneuvers," HEAO -76-460-092. 
I ,*'.w 1 :C,! J iAKi^N; 


I 

j ■ :. .: (ACTl'-REtl: 

i 

AI-PI.GVA L lSURERVl^:OB) ; 

OBGINATOR; 

r^^A.'^A f naJliOT Ci.CilUliE; 


GAVE: 

DATE:* 

D.ATE: 


. ..ir;-' • ‘j I 






I •' ■ lil- V. 


00 






ORIGDSTAI] PAGE IS 
OE POOR QUALITyi 


VI'. ru i 1 U I vC Mt'AMCV 


K'.i IriAiF.: October 14, 1976 

PAGE OP 

' .<0 A .Tones j .s.’l IcDUl-i- D COMf-'i.; 

rv!Or-,!0. 10 

■ ■ " ' ' ' 1 k'A'TA CllAituMAN: 

i>i.nfeM,MO. 

• V- A 1 

i\r:viG\y; 



‘ RCS Command Pulse Width 

, 


rv.^- RGS ouaiificaTion was conducted at 0.040 sec; not 0.030 sec. ACD5 conducted simulations 

?K’;:r!^-!nrp:?srwn. 

width; 0.04Q sec. 


CD 


, -7Z1I cto'.cuciuf ( :: 


;7J TAK£;4: 



;..v ii.A-ir.c); 

a; i.aovpvL (ci:r-cRvisofi): 

GliGIWATGri: 

rJAl'lA !-RO.*ECT CI.C.^URH; 



CAVL:: 

GATE: 

DATE: 






. I .fvi i-iii'ii* IW^TTirai 










tt': i\o. 


2 0 TO: 
^OCilPTED BY; 



Sing ley 


iiliVlCW ITitM DISCR EPANCY (niDl 
j DATE ; October 1976 


SCilEDULED COr.’.PL; 


NASA CHAIRMAN; 


RID NO. I) 


END ITEM NO. 
REVIEW; 


'^HEAO-T'Ground Initial Acquisition Progra®. TRW Complying with Paragraph 3,2. 1.2. 5. 8. 3 MS'/} ^ C.LX 

Requirement has not been shown to be complied with in this data package. The TRW algorxtlm developed by 
Dr FrrSopf was developed in general and in theory it will perfo^ the desired rune t ton. However; 
there is no Lpporting evLence contained in the CDR data package that will give the project any 
confidence the scheme will work for HEAO-B with a reduced star tracker FOV, scan race, and worse 
than expe.':ted gyro drift rate. 


j RtFERilNCE: 

i CDR data package Vol I. Page 3-5 Vol IT Appendix G 


closeout: 


I action TAKEN; 


AP? ROVAL (SUPERVISOR); j OBGiNATOR : 


NASA PROJECT CLOSURE 




TRACKtNG NO. 


ORGINATOR: u. Hlght 


a;;sigwed to: 


ArCLf TED BY: 


SUR I'^CT: 


REVIEW ITEM DtSCREPANCY(RlD) 


DATE: 10-13-76 


SCHEDULED COM?L: 


NASA Ci lAIRMAW: 


PAGE 


HID NO. 12. 


n-0 ITEM NO. 


EW: 


Battery Depth of Discharge Versus Under Voltage Trigger 


DESCRIPTION: 

Problem ; MSFC and TRW apparently do not agree upon the state of discharge of Che battery when Che lA’ (under- 
voltage) signal is generated to switch off non-essential power and cause the S/C Co be uncontrollcc 
MSFC used 90 percent discharge and TRW 10 percent discharge in recent discussions. This factor is 
critical in determining adequacy of the ACDS design and operations concepts especially use of FSA 
mode. 

TRW and MSFC need Co reach an agreement on state of battery discharge at UV trigger point. ACDS 
CDR documentation needs to be updated as required. 


REFERENCE: 


I CLOSEOUT L. 


ACTION TAKEN 


ACTION BY (ACTION EEI 


APPROVAL (SUPERVISOR): 

ORGIWATOR: 

DATE: 

DATE; 


NASA PROJECT CLOSUf 


DATE: 



















• .'J'v'.T'Tr- I ^'A^A CHAIRMAN- 


f 1 f t EY: | fsEVItW: 

tCT; Incompatibility Detween ADDS CDR Data Package and TRW Document MP-04S (Mission Control Procedureri) 


CcSCRiPTiON; procedures in the ACDS CDR Data Package should be compatible with the procedures specified 
in TRW Document MP-04S, Mission Control Procedures. The specific items are as follows: (1) Specific commands 
for launch configuration^ and (2) the procedure for transfer to NSA. 



RPviLv\ ch;-; kepamc y(kic) 

DATE; October T4, 1976 


SChcDU'LEDCCMPL: 


OF 1 


Eiv:.r> ITtrv) \’0. 


Items #45 and 47 


CLOSEOUT 


CTIOM BY (ACIIOMEE); I APPROVAL (SUPERVISOR): | ORGlNATOll 















H. L. Shelton 

- .•v.--\.r‘TC= 

•- t'Y: 

S„e.ECT: 


REV\LU >TL■^' l-l:C KEPANU-'t (Kir.l 

DAT E : October 15, 1976 

SCHeDULCDCCMPL; 

MASA CHAIRMAN! 


RIP NO. 

END ITc.‘.l NO. 
REVIEW: 


HEAO-B ACDS Subsystem Test Plan 


DESCRIPTION: The ACDS Subsystem Test details as provided in the CDR data package pertains only to HEAO-A. 

This RID reouests tne HEAO-B ACDS Subsystem Test details be provided in sufficient detail to show input data, 
InUial cSSons! 'rbUa! conditions, an'd etc. The Indl.iduol tests and criteria for assessing results »st 
be provided along with the schedule for accomplishment. 


REFERENCE; 


HEAO-B ACDS CDR Data Package (Main Vol . , Page 13-7) (Item 56) 

t< ! iicpr.iJT ! ■ ~ 


action TAKEN: 


APPRGVAt. (SUPERVISOR): 

ORGINATOll: 

DATE: 

DATE: 


NA.:.-, : r.o.'Ecn ,c;lcc'j:.. 


DATE : 


.♦#1 I 


REVU.U lTL•^l t. 


K--:- 


v'Sk- H. F. Kennel 


.* riC: 


EY; 


PAT£; October 15. 1976 


SCHcCULEDCCMPU: 


WASA CHAIRMAN! 


1 OF 1 


h\of:x \io 


ENn ITc.M NO. 


(as VIEW: 


S-B.£CT; 


Determine FPTA max> angular monientum 


cesCKlFTlON: f,'eed agreement between A5SE and MSFC/TRW on the maximum angular momentum that is generated 

during the operation of the FPTA. 


REFERcNCc; 


Item No. 58 


CLOSEOUT C 


ACTION TAKEN; 


•MT -.N 5Y (AC ■(•CNEE)-- 


APPROVAL (SUPERVISDRI: 


DATE: 


ORGINATOn: 


DATE; 


ruvEci c;lccu;.s: 


DATE; 











' H, F. Kennel 


• . PTC- 


:::fnEDEY: 

^;?.£CT: 

Magnetic Field Modeling 


RE VU\V 'Tl: H 1/ l:C KUR AMC ^ (Kir,) 


DATE; October 15, 1976 


SCHcDuteDCCMPL; 


WASA CHAIRMAN; 


-AG = 


RID NO. / 


END ITEM NO. 


REVIEW: 


CcSCRlFTlON: stiow that the tilted dipole magnetic field model is still adequate (in the light of the higher 

than expected HEAO-8 magnetic moments) and higher order field models are not necessary. 


REFERENCE; 


Memo HEAO-74-460-084 


CLOSEOUT 


ACTION TAKEN: 


approval (SUPERVISOR): 

ORGINATOU: 

DATE: 

DATE: 


CT CLCCU 








-Unvn5 


scv V H. F. Kennel 

; .VN'l r'TC- 

:,TneuBY: 


Rf VlL U 'T C 5- ! <\Ef' AMC < (K' T. . 

DA1£: October 15, 1976 

SCHcDUiePCCMPU! 

WAS A CHAIRMAN! 


S'.e.ECT: 


Flight Software fliscrepancies 


RIP NO. /g 
Eron iTt. M NO. 
re VIEW: 


CESCRIFTION: Dccumentation discrepancies are as follows; 

1 Page 10-25, paragraph 1, line 3: Add following sentence after end of paragraph: 

Note that the first column of the body to wheel transforms are scaled by the x to y, z position gain ratio 
of 270/1700 {Kg in Figure 10.4-2, p. 10-14). 

2. Page 10-26, last line. There is a minus sign missing in the wheel to body transform, 
last line, last entry {TW312) should be -.664463. 


FERE MCE; 


ACTION TAKEN: 


001137 


1 CLOSEOUT 1 


■.;T!'..N by (ACHONEE): 


approval (SUPERVISOR): ORGINATOR: 


: rRVECTCLCCU; 


DATE; 


DATE; 


DATE; 


» * .'Jl » 





ktf AM 


Hight/Rowe/Kennel 

A:-.'.QN :ri Tc-- 

.1 :v.' t'F T f w e.Y: 

SUBJECT; 


DATE: October 15, 1976 
SCHFDULEDCCMP L; 
WASA CHAIRMAN 


RID NO. I 


END ITEW NO. 


AEVIEVV: 


Flight Software Discrepancies 


DESCRIPTION: Several consents are attached and require resolution. The coinnents pertain to D01137, 0011 jS> 
and EQ4-1100A,. on flight program requirements and design and the TA specification. 


REFERENCE; 


[action TAKEN: 


[DATE- 

-t I . ► m:.i ♦•T I . *j T ’• > 


APPROVAL tSUPERVlSOni: 

DRGINATOll: 


DATE: 

DATE: 



NA/5.\ ; rio.'cCi CLCJ 









/c.v. /<oiAy£ 


lv( 1 OKD OF COMMENTS ON PUBLICATIONS 

OATtr 

Get. 14, 1^176 

•• 1 • 1 

KUCirr I’ltOCKAM DESIGN DOCUMI-NT FOR IIEAO-B (D01138) 

- 

. 4 . IM. fJiill S 1 IH*M' 


*N(>^ I ‘’AHAUHAPH LiNt • 


COMMENT (Em«cI wordJng of f«comm«nd*d cAingt m««i &« gjwtn) 


I 3-42 3. 2.6.2 


Change CDPYKT description to "pointer to CDDYITT" 
add "CDDYtfT - star tracker measurement data table 


2 3-60 3.2.12.1^ 6 Sentence "at AEE230 .... Is Incomprehensible. 

3 3-83 3.2.18.J.2 10 Should read "If CDFTEF=1. then TFl .... 

11 Should read "If CDFTEF=0, then TF2. 


• A€f«ftnc« to lint nombtr within tht otrtgraph or lubpirAgrAph. 


MSFC > rorm M9I (Aufuft till) 










R. Rowe 
EF15 

Dl'A SOl 'roAUE CRITICAL DESIGN AUDIT - i.o-lA-76 

COMMENTS ON APPENDIX OF FPDD (DO1130) 

50 . 1.3 Initialization 

KPII-A had a block to "output reset CRR CH. 13." Why Is this block not 
present In FPII-B7 

10*1. A Prograia Control“Xnltlallzatlon 

In FPH-A the following flags were initialized to 0: CDFACL, PCFMFC, 

CDFNDRO, PGFET3I. Wliy were these not initialized In FPH-O 

10.1.4 Program Control - Execution (PG. 1) 

FPH-A detailed flow says "SET CDF MSE in CDVSSM while FPH-B detailed 
flow says "SET CDFMSE in (GDDFLAG). Which is correct? 

10.1.4 Program Control • Execution (PG. 2) 

Decision block on CDFUPR not present. Why? 

10.1.4 Program Control - Execution Segment Dispatcher 

Logic at PCEDIO ie changed from A. Why? 

10.1.7 Sun Sensor Input 

SII - Initialization 

o Does "K3<- (SIP) = INDEX" need to be here since it is done in the 
3rd block of the main routine? 

o Why is CDFSPG not initialized to 0? (as it was for FPH-A) 

10.1.10 RWA Input 

At WIEOlO, where reading RWA data, as flowed, won't CSSINP be called 
5 times versus 4 times? 

10.1.12 Attitude Error Determination (sheet 3 of 4) 

Decision for IWXl ^ WXM, etc. does not agree with flow In FPRD. 
(Shouldn't it read RlO, Rll < R12, R13?) 

10.1.12 Attidue Error Determination (Sheet 2 of 4) 

The routine jumps to AEE140 after executing AEl at AEE120. This Jump 
does not agree with flow (3-51) in FPRD. 

, 10.1.13 RWA Rate Gain Comp (Sheet 2 of 3) 

ECR 488 says ES<0 (pg 3-54, FPRD) while detailed flows say ESfiO. 


1 


! 


f 


1 


•1, KWA Coiimi.-ind Computation (Slicct 4 of 6) 

li. lw.'t'ii WCK1‘>0 - WCK200, the decision Cor /ERW(N)/^ IIMX docs not agree 
with irui). 

12. 10.1.14 RWA Command Computation (Sheet 4 of 6) 

At WGE280, detailed flow does not agree with FPRD. FPRD has 
ERW(N)=liRMX* SGN(ERW(N)). Detailed flow has ERW(N)=ERMX 

13. 10.1.18 Telemetry Formatting 

TEE - the commend on the first decision block (CDFTEF=0) should read 
"Engineering Mode requested?" 

TFE - 2nd decision block variable should be CDFTEP vs. CPFTEF 

14. 10.1.21 Conmand Processing - Initialization ‘ 

Shouldn’t the flag CPFED be initialized to 1? 

15. 10.1.16 RCS Command Computation (Sheet 1 of 5) 

At CCEE050, PUF=-PWF (FPRD) is not shown. 


91 


I 


I 


1 .... 


KtXORD O." COMMENTS ON PUBLICATIONS 


DATE: 



10-13-76 


Ut'. 1 l i I . 

I'Oiri? - l‘li".lit l‘r o;'.r;im Roqti 1 r finclll:." Docuinmit: - IP ' AO-U 

I'.iii'N r.in I s I iioMi 


ITtt.l 

NO. 


1 

2 

3 

4 
■i 


2-1 


2-1 


2-1 


2-1 

2-1 

thru 

2-2 


A* 


PAHAGnAPH 


2.1 


2.2 


2.2 


3-16 

3-25 

3-26 


3-82 


2.2 

2. 1-2.2 


3. 1.2. 2. 7 

Table 3.1- 
3.1.2,2.13 


3.2.22.2 


6 

6 

8 

10 


COMMENT (EK 4 ct wnf/!<n«] <i 1 fcrgrnmrn'tcd cdinqe mU(( bv given} 


72M10067 is not latest issue, which is Revision A, dated 
11-15-74, plus son's 1A and 2 thru 15. 

Reference 1, ACDS (Subsystem) Specification, is not 
latest issue which is Revision A, dated January 6, 1976. 

Reference 2 should be E0-1089E, dated 9-12-75 to be 
latest issue. 

Reference 3 should be EQ-llOOA dated 7-18-75. , 

All other referenced documents should be checked for 
latest issue data and incorporation of latest require- 
ments into D01137 . 

( Concern ; In te" ; 1 thru 5 above, have the latest 
requirements b^e i incorporated into the D01137 require- 
ments document? Why were the outdated issues referenced?!) 

Bit 13 of the Input Discrete Format is defined as "SPARE.] 
This disagrees with EQ4-1100A, page 7, Table I-l, which 
defines this bit as "Propulsion Enable" in column #110X 
(Input 13) . One of the definitions needs to be corrected 

Specifically define each bit of subcom words 21 thru 25. 

Three bits are decoded to determine the control mode, 
according to this paraijraph. This disagrees with 
EQ4-1100A, page 24, 6th column of Table 0-1, which shows 
bit 0 = Mode 0, bit 1 = Mode 1, and bit 2 = Mode 2. One 
document should be corrected. 

What calculations are done in double precision in the 
DPA? Where defined or listed? 


• Rtftrtnc* to Una numbtr wIthJii tb* o«r#gT4Pb of iupP4r89^*Pb» 


MSFC*Fonn LlOl iAugusi tfll) 
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ORIGINAU PAGE IS 
OF POOR QUAUTXJ 


RECORD OF COMMENTS ON PUBLICATIONS 


10-13-76 


suujr CTi 

- 1 1 0pAj_ Em iLnriiont Spce. Tc.'insfcr AssL-mblv 


Hr.VIblON NOTtS I UOMs 


ITEM 

NO. 

• J 
PAGE 

PARAGRAPH 

LINE 

; 1 . 

7 

Table J-l 

c 

2 

24 

Table 0-1 

1 

C 

l 

3 

24 

Table 0-1 

1 

4 

23 

3.2. 1.2. 6 

3 

5 

10 

Table 1-3 






■ 









COMMENT <Cx4CI woffllRQ Of recomm^ndad ctianje mutt ba 9 lvao) 


'Discrete Outputs" column la Table 0-1 defines four bits 
ntcrest. The remaining bits are "don't care" bits. 


Table 0-1 should be 


-1 uses bits 0, 1| 
actively. They 


3.1.2.2.13 (see D01137, 


Bilevel data bits are not defined in Tables 0-2 or 0-3. 
Table 0-2 defines Output Address Bits and Table 0-3 
defines Discrete Output Data Bits. The Mode Bilevel 
Data Bits are not defined in EQ4-UOOA as stated in this 
paragraph. Add a new table. 


Ground Reference (Channel 15) is not described, 
function of this command? 


What is 


• Reftrence to Mnt number wUhin the o* subparagraph. 


USPC -FcrmliOd (August l»«l) 


0EIGINM5 

OE POOB QUAlWi 
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RECORD OF COMMENTS ON PUBLICATIONS 


October 4, 1976 


iujjictt 

HEAO-B Flight Program Requirements Document, 001137, 21 June 1976. 


HLViSION NOltS « tIOMi 

S. M. Seltzer^ HEAO-B ACDS Review Team, MSFC 




COA^MENT {Enact wording ot racommandad chaooi /null da givan) 


1 10-25 1 


2 10-26 


Add following sentence after end of paragraph: "Note 
that the first column of the body to wheel transforms 
are scaled by the x to y, 2 position gain ratio of 
270/1700 (Kg In Figure 10.4-2, p. 10-14)." 

There Is a minus sign missing In the wheel to body 
transform, last line, last entry (TWB12) should be 
-.664463. 


* H«fartnc« to llr>« numd«r wlttiirt ttid p«V4gr«ph or auQparagrapti. 


. MSPG-rormIMI (Audutiltll) 
ii/ 









OF POOR 


M4Pir4_4:4 


REVIEW ITEM DISCREPANCY (RID) 


9 Oetobe 


SCHEDULED COMPL: 


NASA CHAIRMAN: 


TRACKING NO. 


ORGINATOR: 


ASSIGNED TO: 


ACCEPTED BY: • 


SUBJECT; 

Ensuring that components meet the specifications 


DESCRIPTION: 


PAGE 


RID NO. 


END ITEM NO. 


REVIEW: 


1 OF 


The HSFC design laboratories must receive the hardware component data packages 
that go .with the COQ^’s in sufficient time (three weeks ahead of the GOQ "need dates") 
so that' HSFC can review them prior to the date the COQ's must be signed. 


REFERENCE: 


CLOSEOUT r’TT 


ACTION TAKEN 


ACTION BY {AeTiONEE): 

APPROVAL (SUPERVISOR) 

V 

1 

ORGINATOR: 

NASA PROJECT CLOSURE 

1 

DATE: . - 

DATE: : 

• 

DATE: 

DATE; 


MSrC • hiirm ini CJanujry 191&) 
























APPENDIX B 

MEMO ED12 -76-58, SELTZER TO WO JTAL IK, DATED 
JULY 26, 1976, SUBJECT: "FORMATION 
OF HEAO-B ACDS REV I EW TEAM" 
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PHTOTOING PAGE BLANK NOT PILME® 


National Aeronaulins and' i 
Space Administration 

George C. Marshall Space Right Center 

Marshall Space Flight Center. Alabama 
350'' 3 


IMASA 


B^rytaAirtK. EDI 2-76-58 July 26, 1976 


TO: EE71/F. £. Wojtalik 

FROM; EDI 2/S. M. Seltzer, Systems Dynamics Laboratory 
SUBJECT: Formation of HEAO-B ACDS Review Team 


. Because time before the HEAO-B ACDS CDR Is short, I have taken the 
” liberty of convening the first meeting of the HEAO-B ACDS Review 
Team. I have acted on oral direction which I assume will be aupented 
by written direction. 

' At the first meeting (July 23. 1976) I presented the material I have 
enclosed hereto. I need to verify with you my assumed team mission 
et al, Thp'i; K'Cre a few changes In the composition of the review 
team. 1 asdume you Will ooh the Laboratory Directors to name the 
team members they desire, 

I have asked Dale Hoffman to make a presentation to the review team 
on Tuesday, July 27. He plans to give us a technical description of 
the HEAO-B ACDS, define the pertinent available documentation, and^ 


Enclosure 
As Stated 


tell us that pertinent documentation that is rorcncoming \anu nnci 


Sherman M. Seltzer 
Chairman, HEAD ACDS Review Team 




cc: 

ECOI/Mr. Moore 
EDOl/Dr. Lovingood 
EDOl/Dr. Worley 
£L01/Dr. Thomason 
EPOI/Mr. McCool 
ACD5 Team Members - 
EC21/Dr. Doane 
ED22/Mr. Green 
EL04/Mr. Hight 
EF 15/Mr. Rowe 
EF15/Mr. Collins 
EP24/Mr. Lee Jones 
EDI 2/Mr. Kennel 
EC13/Mr. Milner 
EDI 2/Mr. Shelton 
EC22/Mr. Sims 
EL54/Mr. Singley 
/Mr. Robert Cox 


: V s V h; iS DV 'iAM ICS LAIU)«ATO RY 
I. if IMG CONTRQI. SYSTEMS . 

:r\>;ch 


"WAiiSHALL SJ'AOE FLIGHT CENfER 


ilEAO-B ACDS REVIEW TEAM 


S . M. 5SU ZER_ 


JULY 23, 1976 


MISSION 

r. TO DISCHARGE S&E's ACDS COR RESPONSIBILITY AS A TEAM (RATHER THAN AS ' 
INDIVIDUALS). I , , , 

2. TO ASSESS TECHNICAL ADEQUACY OF ACDS AND DEFINE ANY POTENTIAL OR EXISTING 
INADEQUACIES. 

implementation 

PERFORM AN IN-DEPTH REVIEW OF HEAO-B ACDS DESIGN AND ASSOCIATED SUBSYSTEMS 
(SUCH AS ELECTRICAL POWER, RCS, DATA MANAGEMENT) THAT IMPINGE UPON ACDS. 


REVIEW TEAM'S NEEDS TO PERFORM MISSION 

1. DEFINITION OF SSE's ACDS CDR RESPONSIBILITY. 

2. REQUIREMENTS (SPEC's) LEVELED UPON ACDS. 

a. CEI OBSERVATORY SPEC BY MSFC. 

b. ACDS SUBSYSTEM SPEC BY TRW. 

QUESTION: WHO IS RESPONSIBLE TO ENSURE b. MEETS a. WITHOUT "OVERKILL!" 


w'p.rc • J3M IRwOcloUv 



MARSHALL SPACE FLIGHT CENTER 

HEAO-B AGDS REVIES'I TEAM 
COMPOSITION 


SHERMAN M;. SELTZER 

CHAIRMAN 

■j 

SD LAB 

GEORGE B. DOANE, III 

ACDS HARDWARE 

E&C LAB 

CLAUDE E. GREEN 

STRUCTURAL DYNAMICS 

SD LAB 

HERMON HIGHT 

SOFTWARE (GENERAL) 

SA&I LAB 

ARCHIE JACKSON 

FLIGHT SOFTWARE 

DATA SYS. UB 

LEE JONES 

RCS 

STRUC & PROP LAB 

HANS KENNEL 

POINTING, MANEUVERING, & 
MOMENTUM MANAGEMENT 

SD LAB 

ROBERT MILNER 

ELECTRICAL SYS. 

E&C LAB 

HARVEY SHELTON 

STAB. & CONTROL 

SD LAB 

C. R. SIMS 

ACDS HARDWARE 

E&C LAB 

MAURICE SINGLEY 

SYSTEMS/GROUND SOFTWARE 

SA&I LAB 


C.'i'.ANIJATION. 

SYSTEMS DYNAMICS LABORATORY 

POINTING CONTROL SYSTEMS 
BRANCH 


S. H. SELTZER 

pATEi 

JULY 23, 1976 
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MARSHALL SPACE FLIGHT CENTER 

NAME) 

SYSTEMS DYNAMICS LABORATORY 


S. H. SELTZER 

POINTING CONTROL SYSTEMS 
BRANCH 

HEAO-D ACDS REVIEW TEAM 
IMPLEMENTATION PLANS 

DATEt 

JULY 23, 1976 


1. MEET TJESOAY AND THURSDAY at 9:00 a.m. IN EXECUTIVE CONFERENCE ROOM/ BLDG. 4487 
UNTIL A:D5 CDR (21-22 SEP), 


2, MINUTES OF MEETINGS 

a. DRAFT PREPARED BY CLAUDE GREEN. 

b. ' DISSEMINATED TO ALL TEAM MEMBERS AT NEXT SUBSEQUENT MEETING FOR 

CORRECTIONS. 

c. SUBMITTED TO CLAUDE ^REEN (AND DISCUSSED IF NECESSARY) AT NEXT 
SUBSEQUENT MEETING. 

d. CORRECTED DRAFT TYPED AND DISSEMINATED. 



vO \NJ2AIION = 

f.UMtSHALL SPACE FLIGHT CENTER 

NAMCt 

SYSTEMS DYNAMICS LABORATORY 


S. H. SELTZER 

POINTING CONTROL SYSTEMS 

Bimcn 

HEAO-B ACDS REVIEW TEAM 
SCHf LE 

DAtCt 

JULY 23, 1976 


LOCATION: EXEClilTIVE CONFERENCE ROOM. BLDG. 4487 



DAY 

DATE 

TIME 


FRI 

23 JUL 76 

1 ;30 p.m. 


TUE 

27 JUL 76 

8:30 a.m. 









•t) ^ 








to ^ 


\..V • 



THUR 

29 JUL 76 

9:00 a. IT. 





' >• 

TUE 

3 AUG 76 

9:00 a.m. 

.... Q 




>■ J 

r-i 

'.•0 

THUR 

5 AUG 76 

9:00 a.m. 


TUE 

10 AUG 76 

9:00 a.m. 


THUR 

12 AUG 76 

9:00 a.m. 


TUE 

17 AUG 76 

9:00 a.m. 


THUR 

19 AUG 76 

9:00 a.m. 


TUE 

24 AUG 76 

9:00 a.m. 


THUR 

26 AUG 76 

9:00 a.m. 


TUE 

31 AUG 76 

9:00 a.m. 


THUR 

2 SEP 76 

9:00 a.m. 


TUE 

6 SEP 76 

9:00 a.m. 


THUR 

9 SEP 76 

9:00 a.m. 


. 

- 



I 


SUBJECT 

ORGANIZATION MEETING. 

1. REVIEW Of HEAO-B ACDS by DALE HOFFMAN, TRW. 
o TECHNICAL DESCRIPTION. 

0 SIMILARITIES AND DIFFERENCES BETWEEN HEAO-A AND -B. 

0 DOCUMENTATION NOW AVAILABLE. 

G DOCUMENTATION FORTHCOMING AND WHEN. 

Z. COMMENTS ON ORGANIZATIONAL MATERIAL FROM 23 JULY MEETING 
3. STRAW HAN SCHEDULE. 

DISCUSS STRAW MAN SCHEDULE AND PREPARE TARGET SCHEDULE. 

PRESENTATION OF ACDS REQUIREMENTS AND SPECS BY BOB WOLF (?), 
HEAO PROJECT OFFICE. 

PRESENTATION OF EXPERIMENT REQUIREMENTS UPON ACDS BY 

PRESENTATIONS BY TEAM MEMBERS ON THEIR SUBSYSTEMS. 
PRESENTATIONS BY TEAJ4 MEMBERS ON THEIR SUBSYSTEMS. 
PRESENTATIONS BY TEAM MEMBERS ON THEIR SUBSYSTEMS. 
PRESENTATIONS BY TEAM MEMBERS ON THEIR SUBSYSTEMS. 
PRESENTATIONS BY TEAM MEMBERS ON THEIR SUBSYSTEMS. 
PRESENTATIONS BY TEAM MEMBERS ON THEIR SUBSYSTEMS. 


1. 

PREPARE REVIEW TEAM REPORT; 

2. 

CONTINGENCY TIME. 

1. 

PREPARE REVIEW TEAM REPORT; 

2, 

CONTINGENCY TIME, 

1. 

PREPARE REVIEW TEAM REPORT; 

2. 

CONTINGENCY TIME. 

1. 

PREPARE REVIEW TEAM REPORT; 

2. 

CONTINGENCY TIME. 


o 

CO 




SPACE I-LIGHT CENTER 

HEAO-B ACOS REVIEW TEAM 
SCHEDULE 


MAMli 

S. M, SELTZER 

OATEi 

JULY 23, 1976 







Naiional Aeronautics and 
SpacoAdminisirolion 

. Gooroo C. Marshall SpeeeFlIght Center 
Marshall Space Flight Center. Alabama 
35812 




X- 


393-76 


August 5» 1976 




TO: Dlatrlbutlon 

FROM! EE71/B, Thome* Redo 

SUBJECT: ' Minute* o£ July 28, 1976, Meeting on HBAO-B Targeting ■ 

t ■ ' • ■ ■ 

3 S 

The elubject meeting waa held at MSFG with attendance as Hated In 
Encloauro I, R. Farrenkopf of TRW presented the results of TRW 
analyses concerning the HEAO-B targeting proceaa, guide star 
selection and availability, and the probability of Bucceasful operation. 
Copies of the presentation material were distributed; additional copies 
maybe obtained from M. Naumcheff, EL12, 453-4735, Definitive data 
Is still lacking on observatory pointing error characteristics due to the 
delay of several TRW studies. The delay was caused by project funding 
constraints. However, the meeting successfully broadened the tmder- 
standing of tiie targeting problems, provided parametric data needed 
for further analyses, and focused the remaining analyse* required. 

The next series of study actions ill Identified In Enclosure 2, A meeting 
to review the results of these action* 1* planned for early Septeiriber, 

‘ prior to the HEAO-B ACDS CDR, ■ 



i- 


1 -* 


I. Thomas' Redo ' ^ ' 

. HEAbEnglheering Office . ^ - 

■ ■ ■ ’ ••■ ■■ ' t.i A' ■ 

• E Ehcloauris 


Distribution:. 

Attendee* 

I y * 

ect ' . ■ - . l-'v-V 

. DDOX/R. .Smith 
• HAOl/F. Si)eer 
HA23//C. Meyers 
EE71/F, Vt^ojtalik , ' 

• ELOl'/H. Thomason 
EIi03?'Ii. Sfoiie I ' 
TCD12/S. SeltzcrV 


’ X *■ 

•r- ■ . 

• .V. \3, 

li ’• ■>,} -.»• . 




r . .A-' 






W 


f 
f 

mii 


1$. 
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HEAO-B TARGETING MBETlNO 
July 28, 1976 

t 

Atfceiidance Llct ' 


Name ’ 

M, Naumcheff 
M. Harrington 
Volis L. Bttckelew 
Vic Brenes 
R. E, Rose 
Tt Kurtz 
B. Thomas Redo 
J. B. Alario 
■W, Causey 
R. Stone 

D. Grecnwell 
J. Novotnak 
John Bailey 
Paul 1. Zalubae > 

E.' Singley •- 

B. D. Dolerhie ; 

P, Davenport 

Sf Murray i 

E. J> Schroior ' 
R, Fa^renkopf 
"P, Craighead 

D. P. Hoffman 

E. A. 'Berkery ' 

H. Hight ‘ , 

R. Wolf 
T. Little 

C. D.'CarlUe 



t . , ' . V / •'* 



Org. Phone 


MSFC/EL12 

MSFC/EL14 

MSFC/EL23 

TRW 

TRW . ■ , 

MSFG/ELll 
MSFC/EE71 
TRW 

MSFC/PL23,, 
MSFC/EL23 ‘ 
MSFC/EL22 
MSFC/EL1Z‘ 
MSFC/EF23 ' ■ 

CSC/GSFC 
MSFC/EL54 ' - 

• MSFC/EL12 
GSFC/514 

, SAG 
SAG 

, TRW Systems . 

• MSFC/EL54 
TRW/AfcDS 

trw/a‘cds/occ ; • 

; MSFC/EL04 
;/■ MSPc/feB7i f . • 

• MSFC/feP25 . 

. MSFC/kA23 



453-4735 
453-5496 
453-1089 
(213)536-2293 . 

. .(213)535.3085 
453-5200 
453-4331 
(213)53^-2641 
453-0447 / 

453-0442 f 

453-2519 
453-4735 

• 453-5170 ' 

' (301)589-1595 

. 453-2713. 
453-4735 
982-2588 
(617)495-7205 
(617)495-7205 , 

(213)536-3590 . 
453-2713 
(213)535-3085 
(301)962-2772 

• 453-5222 * 

453-4217' 
453-0996 . 
453i-l830 

Je •; 

^ ' I* 






Enelosttrp 1 



oi:p 


00& 
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ORIGINAB PAGE IS 
108 OP POOR QUALITY 


heao-b targeting meeting 

JULY 28, 1976 
ACTION ITEMS 


ACTION 
ITEM NO. 


Evaluate the confidence in a Guide Star separation an^e 
scheme for verifying pointing 




2. Provide updated data on Star Tracker (STA) characteristics 

based on flight article data _ ; ■ 


. . a. Sensitivity . • ' . \ C 

" b. "Drop Track” response . 

c. Color sensitivity • ' 

3,’ Provide current data on RGA characteristics, ineluding . ’ 

thermal distortton" effects 


a. Alignment/ Scale Factor 

b. Drift Rate 



Refine the parametric data on Probabilities of Unambiguous 
Guide Stars, Ambiguous Guide Stars, and Guide Stars 

a. Effect of updated STA model • * ' . . 

b. "Fringe" Effect . * , ‘ 

Update and complete the parametric data on probabilities of 
getting lost 

a. Complete star catalog . " ^ 

b. Incomplete catalog 



ACTIONEE 


TRW 

(V. Brenes) 


DUE DA TS 
\ 

CDR Data 
Package 


SAG August 16. 1976 

{S. Murray) (1 at Flight Article) 

October 1976 
(All Flight Articles) 




TRW August 16, 1976 

(\T, Brenes) . 


TRW CDR Data 

(V. Brenes) Package 


TRW CDR Data 

(V. Brenes) Package. 


Enclosure 2 

I 



HEAO-B Targeting Meeting, July 28, 1976, Action Items 


ACTION 

ITEMS 


ACTION 


sS 


Evaluate the probability of getting lost against * 

mission DOP characteristica . 

a. Slew angle distribution 

b. Requirements on DOP to minimize 
'•getting lost" 

Evaluate the propagation of "Lost in the Small" through 
successive slews for each of the conditions of (a) No 
Guide Star acquisition and (b) False Guide Star 
acquisition, and for each of 

- . Case As 4 cycles between two targets 
• 30 min dwell per target , 

Slew angle = 110 deg 

. Case B: 4 successive different targets 

30 min dwell per target 
Slew angles = 30 deg, 90 deg, 180 deg 

Identify and evaluate operational techniques for recovery 
fcbm lost conditions 


a. Lost in Small 

b. Lost in Large 

• Evaluate the cost and other impacts of star catalog^ 
-^ augmentation through ninth magnitude 

a. Complete sky 

b. Target mini -catalogs (lUE system) 





TEW Post CDR 

fy. Brenes) 


MSEC CDR Data 

(F. Kurtz) Pack 


GSFC Sept: 7,' 1976 

(P. Davenport) . 




APPENDIX C 

MEMO EE7 1-390-76, WOJTALI K TO DR. LOVINGOOD, 
DATED AUGUST 3, 1976, SUBJECT: 
"HEAO-B ACDS AD HOC REVIEW TEAM" 
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1 


I 


I 


National Aeronautics and 
Space Administration 


fWNSA 


George C. Marshall Space Plight Center 

Marshall S pace Flight Center, Alabama 
35812 


Raply to AJtn o(: EE71-390-76 


Augusts, 1976 
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TO; 

FROM: 

SUBJECT; 

REF: 


EDOl/Dr. Lovingood 

EE71/Mr. Wojtalik 

HEAO-B ACDS Ad Hoc Review Team 


(1) Memo EE71-85-76, ACDS Ad Hoc Review Team, 
dated February 10, 1976 

(2) Memo ED 12-76-58, Formation of HEAO-B ACDS 
Review Team, dated July 26, 1976 


This letter is confirmation of our request for continuance of the ACDS 
Review Team that was established in response to reference (1). 
Extension of the team activities is required for an indepth evaluation 
of the proposed HEAO-B ACDS. 


We understand that Dr. S. Seltzer/ED12 is now the chairman of the 
Review Team and we appreciate the immediate action he has taken in 
organizing and initiating near-term activities. The material (ref 2) 
that was presented at the first meeting of the Review Team where 
Dr. Seltzer served as chairman describes the mission and expected 
composition of the membership. Any changes to the membership list 
should be resolved between Dr. Seltzer and the laboratory recom- 
mending the change. 


Providing support to the HEAO-B ACDS CDR and follow-up actions 
resulting from the CDR are the immediate goals for the Team. The 
CDR is now scheduled for the week of September 20, 1976. 


Please contact Mr. R. Wolf/EE71 if we can be of any assistance in 
performing the Team's mission. 


Fred S. Wojtalik^ 

HE AO Chief Engineer 


cc: see page 2 


cc: 

HAOl/F. Speer 
EEOl/W. Marshall 
ELOl/H. Thomason 
ECOl/F. Moore 
EFOl/J. T. Powell 
EPOl'/A. McCool 
ESOl/C. Lundquist 
EL03/L. Stone 
EDOl/H. Worley 
ED22/G, Green 
EG21/J. Mack 
EG 1-3 /E. Baggs 
EF22/E. Maynard 
S eltger 
EE71/R. Wolf 


APPENDIX D 

MEMO ED12-76-62, SELTZER TO WOJTALIK, DATED 
AUGUST 12, 1976, SUBJECT: "HEAO-B 
ACDS REVIEW TEAM CHARTER" 


PRECERINO PAGE BLANK NOT HUlIEii 
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C- — ^oC. }‘.z:t':.;.:',C^zzc r'.'. S,IC:. 
i\,ia:s!vi!l Suacd r-i^hi Ccinor, A.^iiarr 
2adl2 


BBpty»;(anofc EDI 2-75-52 


AM itsre 


TO: 

FROM: 


EE71/Fr6d yojtalik 

ED12/S. M. Ssltzar, Chafnran, r:£.'0-3 ACDS Review TecC! 


SUBJECT: HEAC-B ACOS Review Ts£7. C^.arter 


Enciosad is the charter for the ;;£-.D-S ACDS Review Teais. It has 
beer, prepared by the teair. in er atten'.pt to carefully c*-lir.e&te cur 
responsibilities. Expevianey r.ss fcas*. ir.cluded in crcor to .taet 


:ne iT.r.irent CDR schedule. 


;nstar.ae, -.va are not ;cc!:'.r,5 at 


the cro-.-.d att-tuca datar.-.-inat-icr. syotat. l.a assu-ts tr.e -ir.ro/T.ar.or. 
generated or. the grounc is correct (sae ps-agraph 5f of the charter). 
I'.'e assute I'ou probably will wa.vt tc asse.obls a tear;, to rtviev; that 
particularly thorny problern soperately. '..'a also as;:. .'..a t.iar.ti.te 
exists to cepe wit.h that problo-.t after the .hEAO-E CDh. 


I Jcnov; you want to perpetuate a .'•avii..: tee a after tta CD?., .-.a reccor.er.d 


that you cetenaina what itar.:s or s'..b5ystc.v.£ ycu wish revi-wed (such as 
ground attitude dsterminatiori) ar.d that taoh esreer:.e.nt$ be developed for 


tiia 

;/ 


iaboratorias to support such efforts. 




Shen-nan II. Seltzer 
Chairman, 1-IEAO-B ACDS 
Review Team 


Enclosure 

Charter 




LbOl/ijr. Lovingocd 
EDO! /Dr. Worley 
ELOI/Dr. Thoiiiascn 
EPOl/Mr. McCool 
ACDS'Team Members 
EC21/Dr. Doane 
£D22/Mr. Green 
£L04/Mr. Hight/Mr. Cox 
EF 15/Mr. Rows/Kr. Collins 
EP24/Mr, Lee Jones 
EDI 2/Mr. Kennel 
EC13/Mr. MITnar 
EDI 2/Mr. Shel ton 
EC22/Mr. Sims 

EL54/Mr. Sing lay/Mr. Craig hj 
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August 12, 197S 


HEAO-3 ACDS RiVIZW TEA:-J At 


; HR 


A tenin composed of members of the- L.ua Systems Laboratory, the 
Electronics and Control Laboratory, the Systems Analysis and 
Integration Laboratory, tha Systems Dynamics Laboratory, and the 
Structures and Propulsion Laboratory has been ccriVensd to review 
the HEAO-B Attiiurie Control and Set^rr.- nation Systeiii (ACDS). The 
tEwim is cntitlod the "iiLAO-B /'.CDS neview Tocim.” 


The mission of the tac'..; is. to discharge Shd's .-.CilS Critical Design 
Review (CD?.) r=s;.o.-;_...r:ity to assess as a team the HE.'.3-3 ACDS 
technical adecjuacy a;iu identify' a.iy potu.itial or existing inacecuacies. 


I ms 


« • { i < 


-...plcmantec cy perfer-ning an in-depth reviev; cf the HEAO-3 


ACDS cssign. inis mission may be devined as consisting of three steps: 
1. Determine the ACDS ;srf*.m:ancs. 

arVi.. . '..eeas ’a.ie AC-jS suosysteiU 


W ^ wC . I.. 


specif ioaai on (assumoa uo ..e a ;-;:;ific;.ticn developed by T?Vi to meet 
the ^:s?C-c;ave■!Cp^d C£“ spicivioanion; . ana if not where it fails. It 
a ; so s assu.T.ec t.nat t.nw .-.'.-jS sr-systr.... apecnrnoa'ciofi ns Se/-;d£, .’.sv . n. 


dw.uca ua.n^j.ry o, iDyv, 




deta ma/;ag 2 .:.Bnt dated iiaroh 22, ’275. 


, ..,rc;. 17, lD7c; configuration and 




’ - •- CDS 


__ suo-systo.T. speo'iricatnon 

C.itd S i V J C u, V i L'.i 5 TvcV • . I.A.# ; u- . * 


r* d' '■» ** ^ 
Cc . i‘ J -C. 




2D, 1D7J/. ;.njro ciserepancies enist, they will 
:he Reviov; Team's Final Reoert. 


v;il'i Derfor;:i 


\ n 


• r~ ^ -*T' *" t “ ? l 

UU j./^r is. 


« .L 0 i » V ^ ^ v-w. tv- fc- » M, • 4^— j * r U 


u. 




U“. V • 


4 "• 


I iA 4 . 


'.I . 


H.-. cl; , 


:port ..escrioing its 


I « i .w • 


. -* > 


ViCiLenng 


P ^ . t u 


r: tne o.,iods interactio.’. in one CDRj 


w v*»u# i w L*U •*«« i >wU 


The flight software (i.e., one software included in the on-board cci-puter) 


> 


\;ill he investigated only to the flew chart level. The flight hardvAara 


will 


investigated at least to the olocx diagram leval. Eecause block 
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diagrcCiS can bs to varying d^gra-js 
itember v/111 determine the level cf 


CT c::aii, ti.s cGnccrnec tear, 
detail on a casa-by-ease basis. 



Definitions 


Technical adeciu acy. The .*C0S will meet the AGDS subsystem | 
specifications during h£AQ*-B activation and during all operational i 
modes defined in the CEI specification. ! 

t 

2* Technical inadssuacy . ,-.ny ADDS i ten-software, hardware, or | 
analytical— that causes the ADDS not to meet the ACDS subsystem 
specifications during activation or during any of the operational 
modes defined in the CEI specifications. 

3. ACDS . For the review team's purposes, the ACDS shall be 
assumed to be only the spacecraft-borne syste.m that includes the 
following: 


a. The guidance and control lav's and the software and hardv/are ^ 
required to implement them. ^ 


b. ina on-board implementation cf the pointing, maneuvoring, 
and momentum unloading schemas and the racuired associated cn-beard 
softv/ara and hardware. 


\ 


c. The Star Trackers (ST), Reference Syroscepe Assenblles (.R-3A), 

Reaction Wheal Assemblies Reaction Wheel Elsctrcnics Assemblies (kW£A 

Sun Sensor Asseubl las (SS.A), t.he Tra.nsfar Assembly (TA), and the Digital 
Processor Assemblies (D?A). 

d. Those portions of the Reaction Control System (RCS) and the 
Electrical System that interact with or otherwise affect the ACDS. 

e. The ACDS shall not ir.clude the ground scftv.'are. 

f. T.ha ground-generated inf ermation (e.g., two sets of quaternions, 
the R3 T-matrix, RW matrix, target and maneuver infermatien) used by the 
ACDS Is assumed to be properly and ccrrsctly determined and communicated to 
the ACCS. 


0EIGIHAII PAGE ^ 

OE POOR QUAUIY 
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S‘hor: -.-n M. Saltser -• 
Ci-.airi.ian» HEAO-B ACDS 
Tasin 


- ,-f 


opfooB mam 


120 









. APPENDIX A , 

, HEAO-U ACDS Design Data Base 

The design analysis and simnlation of the HEAO-B ACOS has been based 
uDon data developed from observatory level and subsystem interface require- 
‘ments allocations. These basic data are suwarited in the ^ ® 

for reference. The documentation availability is also noted in the table. 
^/“ previously included in data packages is ii0ded in this 

data package. 



ORIGINAL PAGB IS 
OF POOR QUALTnS 


Design Data Base Documentation 


HEAO-A HEAO-5 

DOCUHENT ADDS CDR ACDS PDR 

Mechanical Design 

HEAO-75-460-477, "Revisions to HEAO-B Data Base," - App. B.l 

D. P. Hof'Rnan, 4 Novenber 1975 .. ' 

HEAO-75-310-217, "Hass Properties of HEAD-B for Analysis," ;App. 

R. E. Frazier, 7 October 1975 /. , ,■ 

HEAO-75-460-391. "HEAO-B Design Verification Data Base." ' . App. B.l 

D. P. Hoffman, 4 September 1975 ^ 

HEAO-75-420-086A, "Revised HEAO-B Hass Properties Uncertainties App. B.l 

for ACDS Design," L. torba, 19 August 1975 

HEAO-76-420-057, "HEAO-8 Sun Sensor Fteld-of -View (FOV) 

Potential Blockage," A. H. Carlin, 28 July 1976 

HEAO-75-420-096, "Sun Sensor Field-of-View (FOV) Potential App. B.l 

Blockage," R. W. Steel, 15 August 1975 


Structures and Dynamics 

HEAO-75-440-165, "Natural Modes and Frequencies for the App. B.l 

On-Orbit HEAO-B Observatory," K. E. Barry, 28 October 1975'% 

i-“ 

HEAD- 76-440-049, "HEAO-B Final Separation Analysis and S^Barld 
Antenna Dynamic Clearance," K. E. Barry, 10 June 1976 • , 

HEAO-75-440-144, "HEAO-B Separation Analysis," App. B.2' 

tj H. Hwangs 24 September 1975 

i.' 'V ' ■ . 

--Mfoo-75-440-1 17, "HEAO-B Experiment On-Orbit Response to App. B.3 

Reaction Wheel Unbalances," R. A. Browne, 17 July 1975 

HEAO-75-440^174, "HEAO-B Reaction Wheel Assembly Fundamental App. B.3 

Mounting Resonance," K. E. Barry, 26 Novenioer 1975 


ENCLOSED ' 


X 


Design Data Base Documentation (Continued) 

HEAO-A 

OOCUHENT ACDS CDR 

Flight Hechanics 

HEAO-76-320-003. "HEAO-B OrMt Decay and Banistlc 
Coefficient Update," R. R. Williams, 23 February 1976 

HEAO<76-460<005, "HEAO-B Orbital Decay Time History Design Base," 

D. P. Hoffman, 8 January 1976 

Electrical 

HEAO-76- 310-099, "Design Limits oh Reaction Wheel Input Current," 

E. P. Todoslev, 27 Hay 1976 ’ 

HEAO-76-310-079, "Wheel Over-tCurrent Effect On Other Spacetraft 
Functions," R. E. Frazier, 19 April 1976 

HEAD- 75-400-020, "ACDS Design -Requirements for HEAO-B PMk toadi " , 

Problems," D. C. Kirby/R. E, Frazier, 6 June 1975 ' . 

Experiments - 

HEAO-76-310-1 10, "Pointing Restriction of the HEAO-BfCfctervatory," 

E. P. Todosiew, 22 June 1976 

HEAO-75-310-161. "Attitude Maneuver Constraint on HEAG-B," 

E. P. Todoslev, 24 July 1975 

HEA0-B-76-|a.-426, "Update of Action Item 12BH10," ' - 

T. E. Kirchner, 13- August 1976 

HEA0-B-76-la;-413, "Response to Action Item #12BM10," 

J, E. Kirchner, 27 July 1976 

HEA0-MC-76-132C, "Contract NAS8-28300. Modification No. 144," 

R. W. Hick, 26 Hay 1976 

HEAO-76-460-109, "HEAO-B Star Tracker Data Base," D. P. Hoffman, ’ 

7 April 1976 


HEAO-fi 

ACDS PDR ENCLOSED 



App. C 

• . ’ • . if- ■ 

X 

App. B.2 



Apo. B.2 


X 

X 

X 

X 
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Design Data Base Documentation (Continued} 

HEAO-A 

document ACDS CDR 

RCS 

HEAO-74-490-15, “MRE-l Thruster Specific Impulse for Various App. B.6 

Firing Modes," R. L. Sackheiro/R. A. Carlson, 2 October 1974 

HEAO-74-490-20, "FLTSATGOH 1.0 Ibf Thruster Steady State App. B.6 

Thrust Level Characteristics," D. E. Fritz, 4 November 1974 

HEA0--75-490-O54, "Impulse Bits, MRE-1 Thrusters," App. fi.6 

R. A. Carlson, 5 June 1975 

Systems Enoi neeri no 

HEAO-75-310-T60, "Effect of Gas Leakage in the Array Release 
System on HEAO-B Attitude Control," E. P. Todosiev, 23 July 1975 

HEAO-75-91 0-231 , "Residual Momentum During HEAO-B Sun 
Acquisitions," R. E. Frazier, 24 October 1975 

HEAO-75-460-437, "Residual Momentum During HEAO-B Sun 
Acquisitions 0, P. Hoffman., 13 October 1975 

HEAO-75-31 0-209, "Initial Conditions for HEAO-B Entry into 
Failure Mode Control," R. E. Frazier, 24 September 1975 

t 

HEAO-76-310>123, "HEAO-B Structural Deformations for ACDS 
Analysis*" E.P. Todosiev, 10 August 1976 

ACDS Infernal 

HEAO-76-460-160, "Replacement of HEAO-B RWA Voltage Commands 
*by Current Commands," R. E. Rose, 13 May 1976 

HEAO-76-460-033, "Consistency of Motor Performance - HEAD RWA," 

J. C. Randall, 13 February 1976 


HEAO-B 

ACDS PDR ENCLOSED 


App. B.3 


App. B.2 
App. B.2 
App. B.2 


X . 


X 

X 


cn 


APPENDIX B 


Mathematical Models 

Models representing environmental effects, hardware characteristics, 
dynamics and kinematics, and software operations have been developed in 
support of the ACDS analysis and simulation tasks. The table which follows 
indicates the documentation which relates to these models. Since much of 
these data have been provided previously and Is somewhat voluminous in 
some cases, only that not already submitted In design review packages is 
actually Included in this appendix. The tabular entries show the specific 
location of the previously supplied data. 
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r- 

r 


O O 

Si 

si 

^ B 

fg 

gg 

■ ^ 


Mathematical Model DescHptions 


DOCUMENT 

HEAO-A 
ACDS CDR 

Oisturbance Toroues 


HEA0-74-A60-069, "Disturbance Model for Gravity Gradient 
Torques,^' V, R. Fish, 20 September 1974 

App. C.3 

HEAO-75-460-212, "Altitude - Air Density Mode for HEAO ACDS 
Simulation," V. R. Fish, 29 April 1975 

App. C.3 

HEAO-74-460-084, "Magnetic Disturbance Torque Model for HEAO," 
V. R. Fish, 30 September 1974 

Aop. C.3 

HEAO-75-460-530, "HEAO-B Aerodynamic Disturbance Torque Model," 
Nakano, 19 December 1975 



HEAO-76-320-003, "HEAO-B Orbit Decay and Ballistic 
Coefficient Update," R. R. Williams, 23 February 1976 

Hardware 


HEAD-E 

ACOS PDR enclose: 


App. C 


See ApD. A 



* 


Syros 


HEAO-74-460-085, "Reference Gyro Assembly Model," 
T.T. McElroy, 1 October 1974 

App. C.l 


HEAO-74-460-138, "Gyro Noise Considerations," 
T.T. McElroy, 5 November 1974 

App. C.l 


1 

HEAO-75-460-055, "Gyro Noise Model - Parameter Considerations," • 
T.T. McElroy, 8 January 1975 

App. C.l 


HEAO-7S-460-227, "Gyro Model - Power Spectral Density 
Gharacteristics," T, T. McElroy, 5 May 1975 

App. C.l 


HEAO-76-460-097, "Bendix Gyro Data," T. T. McElroy, 
26 March 1976 


X 


i' 



Mathematical Model Descriptions (Continued) 


. 


HEAO-A 

HEAO-B 

ENCLOSED • 

DOCUMENT 

ACDS COR 

ACDS POR 

Hardware (Continued) 

Star Tracker 

HEAO-76-460-109, "HEAO-B Star Tracker Data Base," 
D. P. Hoffman, 7 April 1976 



See App. A 

HEAD- 75-460-479, "HEAO-B Star Tracker Model," T. T. HcElroy 
29 October 1975 

Rea1ctld*i Wheels 

HEAO-76-460-237, "Test of Sperry Reaction Wheel Motor with HEAO-B 
Current Drive RWEA, H. Nakano, 13 August 1976 

HEAO-76-460-236, "Mathematical Models of HEAO-B Reaction Wheel 
Motor with Current Drive RWEA," H. Nakano, 13 August 1976 


App. C 

X 

X 

HEAO-76-460-172, "Sperry RW Motor Test Results," H, Nakano, 



X 

21 May 1976 



• 

HEAO- 74 - 460 - 209 , "Mathematical Model of HEAO-B Reaction Wheel 
Motor," H. Nakano, 11 December 1974 


App. C 



Sun Sensors 

HEAO-75-460-367, "Sun Sensor Models and Test Data Gomparlsons," ^ App. C.2 
DvP. Hoffman, 28 August 1975 

TRW IOC 7347.4-131, "Angular Error Due to Earth Albedo--HEAO 
Narrow Angle Sun Detector," S. A. Uchizono, 12 June 1975 

HEAO- 75 - 460 - 270 , "Estimation of Noise for HEAD Sun Sensor App. C.2 

Assemblies," R. E. Edwards, 11 June 1975 
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Mathematical Model OesGriptions 



DOCUMENT 



\ Hardware 


(Continued) 


I Sun Sensors 

I HEAG*75-460-238, "Earthshine GaTculations for the HEAD ZSSA 

i Wide Angle Detectors," R.E. Edwards, 20 May 1975 

HEAO-75-460-088, '‘Coarse Sun Sensor and Output Processing 
Models," D. P. Hoffman, 21 February 1975 

HEA0^74-460-204, "Coarse Detector Output," D. R. Spetter, 

9 December 1574 i 

HEA0-74-4e0-T53, "ZSSA Narrow Angle Sensor Functional 
Description and Nominal Performance Characteristics, 

R. E. Edwards, 18 November 1974 

Software 

DO! 137, "Flight Program Requirements Document for HEAD ACDS 
(FPH-B),” 12 January 1976 


I 





(Continued) 

HEAO-A HEAO-B 

AC85 CDR ACDS PDR ENCLOSED 

App. C.2 

App. C.2 ■ ' 

App. C.2 
App. C.2 

DPA Softxvare 
Data Package 





. APPLfIDIX C 


AltUude Reference Analyses 

The descl'iption and performance analyses results of the on-board 
attitude reference implemented in the DPA software are contained in the 
documents of this appendix. The basic form of the reference is identical 
to that of HEAO-A with the addition of an autonomous star tracker update 
algorithm. The gyro processing, attitude propagation, ground update, 
and sun sensor update algorithms are unchanged from HEAO-A. The star 
tracker processing and star tracker update algorithm are unique to the 
HEAO-B design. The, following table identifies the applibble documenta- 
tion and where it can be found in terms of data packages. . Only that material 
not previously provided in other data packages is contained herein. 


Attitude Reference Design 


- ' 


DOCUMENT 

HEAO-A 
ACDS CDR 

HEAO-B 
ACDS PDR 

ENCLOSED 

HEAO-76-460-TQ0, '‘Maneuver Atti tude -Reference Performance HEAO-B," 
T. T. HcETroy. 25 March 1976 



X 

HEAO-76-460-062, "Action Item Response - Star Update Algorithm 
(HEAO-B)," T. T. KcElroy, 9 March 1976 



X 

H’EAO-76-460-043, "HEAO-B Attitude Update Considerations," 
T.T. McElroy, 16 February 1976 



X 

HEA0-MC-76-132C, "Contract NAS8-28300., Modification No. 144," 
R.W. Mick, 26 May 1976 



See Add. 

HEA0-76-460-079, "HEAO-B Attitude Reference System Description," 
T.T. McEIrpy, 16 March 1976 



X 

HEA0-76-460-037, "HEAO-B On-Board Attitude Reference Performance - 
Momentum Dump, Maneuvers and Celestial Point Modes," T. T. McElroy, 
8 February 1976 



X 

HEAO-75-460-538 , "HEAO-B On-Board Atti tude Reference Performance - 
Celestial Point," T.T. McElroy, 30 December 1975 

-■ 

App. F 


HEAO-75-460-517.- "HEAO-B Attitude Reference Performance Run 
Schedule - Point Mode," T. T. McElroy, 26 November 1975 


Ap'p. F 



J 


APPENDIX D 

Normal Sun Acquisition Analyses 

The design in,p1enH;ntation of the IIEAO^B Normal Sun Acquisition (MSA) 
attitude controllers Is Identical to that for HEAO-A. Differences do exist 
In the specific numerical values associated. with the control constants 
used In the software flight program hbwever. Performance verification 
In terms of sun acquisition, sun point, and linear stability has been 
demonstrated for the applicable HEAO-B mass properties and orbital 
characteristics. The documentation of the results of these analyses 
are listed In the following table. These form the bases for the sunaary 
data of Section 6 of the main volume. 
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Normal Sun Acquisition Design 


DOCUMENT 

I; HEAO-75-460-252, "Normal Sun Acquisition Sun Point Accuracy," 

I D. P. Hoffman, 30 May 1975 

i; ■ 

HEAO-76-460-117, "NSA Pointing Accuracy Using Narrow Angle 
■ Sun Sensor," D. P. Hoffman, 12 April 1976 

HEA0t 76-460-211, "HEAO-B Normal Sun Acquisition with Low 
Scan Rate," M. L. Ownby, 27 August 1976 

HEAO-75-460-505 , "Sun Point Performance Verification Study 
of the HEAO-B Normal Stm Acquisition Mode Controller," 

E. R. Edge, 24 November 1975 

HEAO-75-460-503, "HEAO-B Normal Sun Acquisition Mode Linear 
Analysis with Flexible Body Dynamics and Propellant Slosh 
Effect&,".E. R. Edge, 17 November 1975 . 

HEAD- 75-460-454, "Acquisition Performance of the HEAO-B 
Normal Sun Acquisition Controller," E, R. Edge, 23 October 1975 

HEAO-75-460-428, "Initial Simulation Run Schedule - Normal 
Sun Acquisition Mode - HEAO-B," E. R. Edge, 6 October 1975 


r 




HEAO-A HEAO-B 

ACDS CDR ACDS PDR ENCLOSED 

App. E.3 App. I 

X 

X 

App. I 

App. I 

App. I 
• App. I 
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APPINDIX E 

' Celes Mai Point Analyses 

The HEAO-B requirement tor accurate celestial target pointing and 
stability is provided by the reaction wheel controller which allov/s. 
stabilized target pointing, wheel unloading via the RCS, and target-to- 
target maneuvering. Documentation of the analyses and simulation results 
applicable to this attitude control opera ting. mode is sunmarized in the 
following table. The data package in which the documents appear is also 
indicated for cross reference and to avoid the necessitate here for 

duplication of previously supplied material. 



Celestial Pbint Design 


HEAO-^A HEAO-B 

DOCUMENT ACDS CDR ACDS PPR ENCLOSZC 


HEA0-76-46O-T6O, "Replacement of HEAO-B RWA Voltage Commands See App. A 

Current Conmands," R. E. Rose, 13 May 1576 

HEAD-76-460-1 75; "Rescaling of Reaction Wheel Control Parameters," X 

H. Nakano, 21 May 1976 

HMO-76^460-220, "Celestial Point Error Analyses for HEAO-B," X 

T. T. McElroy, 15 July 1976 

HEA6-76^46D-233."Gyro Drift Uncertainty Estimate (HEAO-B)," X 

D. P. Hoffman, 11 August 1976 

HEAO-76-460^146, "HEAO-B Celestial Point Error Analysis," X 

D. P. Hoffman, 7 Hay 1976 ■- 

HEAO-76-460-078, "Effects of Parameter Variations on HEAO-B X 

Maneuver, Point, and Unloading Performance," H. Nakano, 

30 July 1976 

HEAO-76-460-049, "HEAO-B Design Verification - Nominal * X 

Maneuver Performance, H. Nakano,.! March 1976 

HEAO-76-460-036 , "HEAO-B Design Verification— Nominal Point . X 

and RW Momentum Unloading," H. Nakano, 16 February 1976 

HEAO-76-460-178, "HEAO-B. Linear Stability Analysis— Maneuver, X 

Point, and Unloading," H. Nakano, 9* August 1976 . • , 

HEAD- 76-460-184, "RWEA Bandwidth Requirement," H. Nakano, X 

28 May 1976 , 

fi; 

HEAO-75-460-537, "HEAO-B Design Verif-i cat ion Cases for Celestial App. |5. 

Point and RV/ Momentum. Unloading," H. Nakano, 29 December 1975 
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DOCUMENT 


Celestial Point Design (Continued) 


HEAG-A 
ACDS CDR 


HEAO-75-460-472, "Maneuver Cases for HEAO-B Design Verification 
Studies," H. Nakano, 31 October 1975 


HEAO-75-460-215, ’WodifieatiGns of HEAO-B Reaction WheeJ Control 
System," H. Nakano, 2 May 1975 


HEAO-S-74^406, "HEAO-B Maneuvers," H. Nakano, 1 May T974 

HEAO-76-460-226, "RGS Requirements for HEAO-B," V. R. Fish, 
27 July 1976 


HD\0-75-460-S36, "HEAO-B Impulse and Torque Survey Using Computer 
Program HITSB," Hv Nakano, 23 December 1975 


HEAO-76-460-092 , "Recovery from Large Disturbances During RWA 
Maneuvers," V.R, Fish, 22 March 1976 


HEAO-B 
ACDS PDR 

App. 6 
App. 6 
App. 6 

App . D 


ENCLOSED 


X 


X 


APPllNDIX F 

First Sun Acquisition Analyses' 

The First* Sun Acquisition (FSA) attitude control mode is implemented 
in dedicated hardwired electronics in the transfer assembly. The design 
including the actual control gains, time constants, and logic are identical 
in. the FSA mode for HEAO-A and -B. The documentation applicable to the 
analyses and simul^tiorvsresults for this operating mode are listed in the 
following table. Since all of these have been provided in the HEAO-B 
AGDS PDR data package as noted, they are not included herein other than • 
by reference. 
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DOCUMENT 



First Sun Acquisition Design 


HEAD- 75-460-535, "HEAO-B First Sun Acquisition Following 
Separation,” V. R. Fish. 19 December 1975 


HEAO-75-460-533, “Linear Stability Analysis of the Failure 
Sun Acquisition Controllers - HEAO-B," H. Kaichi, 

T9 December 1975 

HEAO-75-460-532, "Performance of the FSA Mode Controller in 
Long Term Sun Point Operation - HEAO-B," H. Kaichi, 

T9 December 1975 


HEAO-A 

' ACDS CDR . 


HEAQ-75-460-531 , “Recovery Sun Acquisition Performance in the 
Failure Sun Acquisition Mode - HEAO-B," H. Kaichi, 

19 December 1975 

HEAD- 75-460-421 , "Preliminary Simulation Run Schedule for HEAO-B 
FSA Mode Verification," H. Kaichi. 30 September 1975 

HEA0-76-3T0-109, "Action Item No. 9 HEAO-B Observatory System PDR," 
E, P. Todosiev, 21 June 1976 


HEAG-B 
ACDS PDR 

App. H 
App. .H 

tt 


App. H 
App. H 


App. H 


ENCLOSED 


X 


APPENDIX G 


Ground” Software Requirements and Performance 

1 

The ACDS is allocated the function of specifying the requirements for 
the ground software associated with star identification, attitude determina- 
tion, and parameter estimation. These requirements are to be implemented 
by NASA/GSFC. Performance analyses associated with these functional re- 
quirements is also an ACOS responsibility.. These analyses have utilized 
the tools and. techniques which have been developed by TRW and thus do not 
actually replicate the 6SFC implementations. The data contained in the 
do.cumentation listed in the following table reflects the results of these 
studies. In parallel with the ACDS tasks, there are also a set of studies 
which are ACDS rblated but which are being conducted as part’of the Mission 
Operations activities. These results are interrelated so closely with the 
ACDS design that |hey are also referenced in the table. 
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Ground Software Design 


DOCUMENT 

HEA0-76-460-n2, "HEAO-B Attitude Estimation," 

R. L. Farrenkopf, 26 March 1976 

AIAA Paper No. 74-903, "Generalized Results for Precision 
Attitude Reference Systans Using Gyros," R. L.- Farrenkopf , 
August, 1974 

Attitude Estimation Results, R. 1. Farrenkopf, 

28 June 1974 

HEAO- 76-460-1 86, "The HEAO-B Slew Maneuver: Expected 
Attitude Errors and Rate Gyro Assembly Calibration," 

R. L, Farrenkopf, 22 June 1976. 

HEAO-75-460-515, "HEAO-A Attitude Estimator Initial Star 
Identification," R. L. Farrenkopf, 10 December 1975 

HEAO-75-460-272, "The Likelihood of Correct Normal Mode Star 
Identification in Attitude Estimation Applications with 
Consideration to HEAO," R. L. Farrenkopf. 10 June 1975 

HEAO- 75-460-1 77, "Attitude Determination Software for HEAO," 
R. L. Farrenkopf, 10 April 1975 

HEAO-76-460-156. "HEAO-B Guide Star Availability as 
Influenced by Target Window Area and Minimum Acceptable 
Separation," R. L. Farrenkopf, 4 May 1976 


HEAC-A HEAO-B- 

ACDS CDR ACDS PDR ENCLOSED 

X 

X 

X 

X 

X 

App, F 
App. F 

X 
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APPENDIX F j 

MEMO ED 12 -76-88, SELTZER TO WOJTALIK, DATED j 

OCTOBER 13, 1976, SUBJECT: j 

"HEAO-B ACDS PRE-CDR" j 

I ■ - I ■ J 

i ■ . ■ • . 4 -A 

■V • . • a 

■; ■ 5 

I ' A ■ i 

i “t 

• J ''j 



National Asranaiilics and 
Space Administration 

GaorgeC. Marshall S|>Bce PUght Center 

Marshall Space Flight Center, Alabama 
35012 




EDI 2-76-88 October 13, 1976 

TO; EE71/F. Wojtallk 

FROM: EDI 2/S. M. Seltzer, Chairman, HEAO-B ACOS Review Team 

SUBJECT: HEAO-8 ACDS Pre-CDR 


On October 6-7, the HEAO-B ACDS Review Team met with Messrs. Dale Hoffman, 
Dick Rose, and Ernie Todoslev of TRW and Dr. Steve Hurray of the 
Smithsonian Astrophysical Observatory for a pre-CDR. As you know (Re; 

My memo ED12-76-83 to you, subject; Review of HEAO-B ACDS CDR Documentation, 
dated October 5, 1976), we reviewed the CDR documentation in detail. Our 
comments (corrected from those you received as Enclosure 1 of the referenced 
mtmo) are included herein as Enclosure 1. The TRW personnel prepared an 
Informal set of comnents (Enclosure 2) after our pre-CDR meeting. The item 
numbers of the two enclosures correspond to each other. 

As a result of our pre-CDR and subsequent Review Team study and discussions, 
we have categorized our 66 comments and questions Into the following three 
groups. 

1. No further action required. Items 6, 8, 14, 40, 42 (except for 
comments on "dashed lines"— see paragraph 2, Item 42, below), 43, 44, 49, 
and 63. 


2. RIOs to be prepared. RID #1 (Seltzer). The following items will 
be included in a RID iJescrlblng the need for updating the HEAO-B ACOS CDR 
documentation. Either an addendum and or a set of change sheets for 
existing pages must be prepared and maintained as current, for this wip be 
the only HEAO-B ACDS descriptive documentation most HSFC engineers will 
possess. The RID will state that the following items should be included in 
this updated documentation: Items 1-5, 7, 11rl3, 16, 17, 19-28, 30, 32, 33, 
35-39, 41, 42 (identify dashed lines), 46, 48, 50-55, and 59. 

RIO #2 (Hight). Item 9. 

RID #3 (Seltzer). Item 10. ^ 

RID #4 (Kennel). That portion of Item 15 referring to lifetime. 

RID 15 (Milner). That portion of Item 15 referring to depth of discharge. 


Of 


^OOR 






2 


RID #6 (Green). That portion of Item 15 referring to uncontrolled tumbling. 
RID #7 (Kennel). Item 57. 

RID #8 (Shelton). Item 61. 

RID #9 (Kennel). Item 62. 

RID #10 (Jones). Item 64. 

RID #11 (Singley). Item 66. 

3. Items that either need further effort or ar e cause for concern . 

Items 18, 29, 31, 34, 45» 4/» 50, 56, 58, 60, and 62; all Items listed 
on the sheet (MSFG Form 1908) summarizing comments On HEAO-B Flight 
Program Requirements Document, 001137, January 21, 1976. The latter 
will be provided at a later date. 



Chairman, HEAO-B AGOS 
Review Team 

2 Enclosures 

1. Review Team Comments 

2. TRW Comments . 

cc« 

EC 01 /Mr. Moore 
EDOl/Dr. Lovingood 
EDOl/Mr. Sisson 
EDOl/Dr. Worley 
EDI 1 /Dr. Blair 
ELOl/Dr. Thomason 
EPOl/Mr. McCool 
ACDS Team Members 
EC21/Dr. Doane 
ED22/Mr. Green 
EL04/Messrs. Hight/Cox 
EF 15/Messrs. Rowe/Coll Ins 
EP24/Mr. lee Jones 
EDI 2/Mr. Kennel 
EGl 3/Mr. Milner 
EDI 2/Mr. Shelton 
EL54/Messrs . Singl ey/Craighead 
EC22/Mr. Sims 
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Page 1 of 6 


RECORD OF COMMENTS ON PUBLICATIONS 

□ATE: ^ 

October 4» 1976 

HEAO-B ACDS CDR (26000-460-042, 19 October 1976) 

REV.S.ON NOTES PROM. HEAO-B ACDS Review Team, MSFC 

ITEM 

NO. 

PAGE 

PARAGftAFH 

line* 

COMMENT lExaci wording of i«comm«ndid cnangi glv*n> 


il 

2 

3 


9 

10 

n 

12 

13 

14 


1- 3 

2 - 1 
2-1 

2-2 


2-3 

2-5 

2-5 

2-5 

2-7 

2-7 

2-7 

2-8 

2-8 

2-8 


2.1 

2.1 


2.2 


2.2 

2 


14 I Add: "...on-board logic upon either separation from..." 

15 I Do you want to use the word "INSIPIENT" (as shown) or th 
word INCIPIENT (different spelling, different meaning)? 

Is its use as an adverb modifying "catastrophic the 
use you really intend? 

Figure 2-1 does not indicate inputs to RGA 5 and 6 from 
non-essential bus power and switching commands. No 
inputs to RGAs from Transfer Assembly are indicated. 

What is the significance of dashed and solid arrows from 
Transfer Assemblies for Star Tracker control? 

Figure 2-2 is not labeled properly for RGA orientations. 
Also, it does not show the angle between RW's and major 
axes of spacecraft. 

last! Question. Are narrow angle ZSSA sun aspect signals used! 
actively in the on-board control, or only to augment 
ground attitude determination? 

Replace " sun point failure mode" with "first sun 
acquisition mode." tliis should be done throughout the 
documentation. 

Question. What actions have been taken to assure correcj 
telemetry signals, i.e., no inversions as received on 
ground? 

last Add: The present olanned operation is to enter NSA via 

sent, command from the SCP before loss of tracking at Ascensioij 

CEI and ACDS subsystem specification nomenclature mode 
should be made compatible. 

11 1 Conment: FSA is also initiated by LV separation signal. 

4 1 During pointing, the x-z plane is constraii^ to + 1“ 
of the sun line. This should be stated. 

5 i Star tracker data correction is done on the ground. 

When is the last possible date for defining operating 
characteristics and calibration data for the ST wipout 
impacting either the flight ACDS or the ground software? 


Rctirmc* to lln* numMt Olthin th« wunph or tuoo«r«atiph. 


ft . MSFC • Fono liol (Aunutll*»J 

i 
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record of comments on publications October 4, 1976 

SUBJECT! 

HEAO-B ACDS CDR (26000-460-042, 19 October 1976) 

REVtSlON NOTES FROM: 

$• Seltzer. HEAO-B ACDS Review Team, MSFC 

ITEM 

NOj 

PAGE 

paragraph 

line* 

COMMENT {Exact wording of rocommtndtd etianga mutt b» given) 

% 

2-9 

1 

2 

Question. What is the TRW rationale for not switching 
immediately to FSA instead of waiting for under voltage? 

16 

2-9 

2.2 

add 

Describe LPL and when enabled so it all can be found 
at one location in documents. 

17 

2-10 

“ 

— 

On this and all other such blank pages, the comment 
''INTENTIONALLY LEFT BLANK" should be placed. Otherwise 
the recipient might suspect a printing error. 

18 

2-11 

2.3 


When do we find out if the component specs are met? 
In several places TRW suggests need for more tests, 
(Example: App. E, memo HEAO-76-460-178, page 31). 

19 

2-12 



To what do the four asterisks refer? 

20 

2-12 



RW weight is 30.5 pounds instead of 29.5. 

21 

2-15 

5. 3.4. 2 

7 

RGA assembly arrangement picture is incorrect. This 
item was wrong in the PDR; we recommended at that time 
that it be corrected; this has not been accomplished 
and is still incorrect! 

22 

2-15 



Spec is stated incorrectly. 

22a 




Drift Characteristics: g-insensitive value should be 
5.0“/HR Instead of 3.0®/HR. 

22b 




Voltage Sensitivity: g-insensitive value should be 

0“.0r/HR/V0LT, 

22c 




Magnetic Field Sensitivity: g-insensitive value should 
be 0.2“/HR MAX. 

23 

2-21 

— 

“ 

RW weight is 30.5 pounds instead of 29.5. 

24 

2-21 



0 Motor Torque: 17.0 in-oz. This is the number we have 
recommended be standardized In the CEI and ADDS specs. 
However, it is not the value used in a number of recen ; 
TRW memos. 

25 

2-21 



0 Tachmeter Output: This value is misleading and might 
lead the reader to assume a D.C. value, rather than 
pulses, as the output. 

26 

^ Rtftr 

2-22 
«nc» to iln 

• numbtrwitMn xh 

• (Mr«9fAP 

Direction of arrow between Switching Regulator and Pulse 
Width Modulator should be reversed. * 


MSFC'Fotm 1*01 (Aufiut ifi«> 
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RECORD OF COMMENTS ON PUBUCATIONS 


HEAO-B ACDS CDR (26000-460-042. 19 October 1976) 


DATE! 

October 4, 1976 


BEVtSIQN NOTES FROM. 

S. M. Seltzer, HEAO-B ACDS Review Team, HSFC 

ITEM • PAGE paragraph UNE* COMMENT (EKict woiaina ot ncomm inditf cH«n9« mu«t m glwti) 

NO. .. - — ~ ~ 

3.1 3 3 Should include all current SCN’s (SON 15?) instead of 

stopping at SCN 7. 

,0 3 ? 3 Define probability as It applies In each requirement. 

" Hake It a useful quantity. Insert an example. 

5Q ,3 Def ine -jitter per ECR submitted by the Pointing Control 

Systems Branch (EDI 2), HSFC. 

3.3 3 T I 2 5 2.4 What Is significance of two probability values and how 

is each verified? 

31 3.3 Add a subparagraph 3.1 .1 .1 .2 - Performance Point 

^ ^ Sun line within 15° of S/C z-axis. The zx plane shal I 

be within + 1° of the sun line. 

i._a 3 9 ? Uodate Venting per SCN 9, the experiment venting ga^s 

32 3 4 anguTiFmomentum < 500 ft-lb-sec, instead, of TBD. 

33 3.^ ...3.2.3 Update per SCN 14, separation rates, x- 1.1 /sec, axes 

perpendicular to x~ 1.5°/sec. 

34 3.4 3 2 4 Change the value 150,000 gauss cm^ to correct one (see 

^ “ reconmended spec changes from Review Team). 

35 3-4 ...3.2.6 Does "Provided;” refer to "no single point failures?" 

36 3“5 ...5.8.2 Flight Program; Insert comma: .mode control^ not 

usea...‘ 

37 3_5 _.5.8.2 Flight Program ; Define "emergency" mode as FS A mode. 

3 g 3 _g __ Power ; Put a numerical value in rather than "TBD." 

39 3_g — SCN summary should include at least SCNs 1-15 or later 

as appropriate. 

40 4-1 4 2 last Question: Was ACDS changed to incorporate automatic 

■ initiation of NSA at separation? 

41 4_? Where omitted (such as in Action Items 6 and 7), 

* suimariZG the responses to each Action Item. 

42 5-3 Fig. 5-1 — How does one get from Mode F-1 to modes? 

° ^ modes are impossible to get to from which other modes? 

Identify what dashed lines signify. 


'« Rtf«wnc» to Hh» numMr within th» mrrtriaK or wibpirUMpii, 
MSFC-FonnllOl (Aufiutllll) 
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RECORD OF COMMENTS ON PUBLICATIONS 

SUBJECT: , . _ . 

HEAO-B ACDS CDR (26000-460-042, 19 October V76) 

REVISION NOTES FROM: ^ 

S. M. Seltzer, HEAO-B ACDS Review Team, MSEC 


Page 4 of 6 

DATE: 

October 4, 1976 


ITEM 

NO« 

PAGE 

PARAGRAPH 

43 ' 

5-4 

Mode 0 

44 

5-5 

Mode 4 

45 

5-9 

5. 3. 1.1 

46 

5-8 

Table 5-2 

47 

5-10 

5.3.2 

48 

5-13 


49 

5-24 

— 

50 

6-4 

6.2.1 


6-8 

6-20 Table 6-4 
6-21 6. 3, 2.1 


COMMENT (Ex«et wording Of mommtndtdcnang< mutt be givvn) 

Question: What telemetry is received in Mode 0? Is 
FSA on or off in Mode 0 (off)? Are there substates of 
Mode 0? 

Question: What determines the 64 second implementation? 
Will this update have to be more often if rate gyros 
drift more than allowed by spec? 

Some items are not compatible with similar items in the 
Mission Control Procedures (correct title?) TRW MP-04S. 

In the last para, of p. 5-7, three commands are 
identified as critical. They should be so identified 
on Table 5-2. 

Same cormeht as Item 45 above (Example: "TA-A First 

Mode Leave "in this document is identified as "TA-B..." 
in MP-04S; the latter probably is correct). 

The sentence "The wheels are then run to 2000 RPH and 
the maneuver begins" should read " The wheels are 
accelerated and the maneuver beginsT " 

Figure 5-§ should indicate interface between OPE and 
RGA's. 

Reconinend change in procedure to allow for R6 
calibration before beginning the scan for ground 
attitude determination and setting the NSA scan rate 
as high as possible (in real time). 

Discussion on NSA capability vs requirements. Include 
both rate and attitude initial conditions. 

Reconcile gains in table 6-4 with those in App. E, 
memo HEAO-76-460-175, p.2. Reconcile difference of 
maximum rate gain (15) of same memo and Flight Program 
Requirements Document D01137 (500). 

Discuss resolution of problem of not meeting "Absolute 
pointing accuracy" when guide stars are separated by 
less than 1.8 degrees. 


I * Wtfiftnctlotjnb numbbr within th»p»riyiph or tubp»ri9fpb. 
U8FC • Fonn 1 1 0 i< AUgUtl 1 HI) 
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RECORD OF COMMENTS ON PUBLICATIONS 


DATE; 

October 4, 1976 


HEAO-B ACDS CDR (26000-460-042. 19 October 1976) 

REVISION NOTES FROWs 

S. M. Seltzer, HEAO-B ACDS Review Team, HSFC 


ITEM 

NPt 


^4 


55 

56 

57 

58 

59 

60 


6-28 


6-42 

13- 7 

14- 1 

14.2 
hpp. B 


PARAQRAPH 


LINE* 


6. 3. 2.1 


6.4. 2.1 


61 

62 

63 


14.2 


14.4 


Software 

Documentatl 


RO-16 


on 


COMMENT (Exact wording o( racommandad ciiinga mutt b« givtn) 


Describe the sloshing and structural interaction 
simulations that have not been released. (See App. E, 
memo -178, p. 31, which says additional modelling of 
slosh is recommended. Memo also shows marginal stability 
for variations considered and says additional testing 
of RWEA is required, p.20). 

Summarize numerically the requirements for separation 
rates and attitude initial conditions along with the 
capabilities. 

Provide detailed HEAO-B ACDS subsystem test plans 
(describe all test cases planned). 

There is no problem with the system momentum test no 
matter what initial momentum the maneuver was started 
from. 

Since the momentum at maximum FPTi^ speed is only 
slightly more than 1 ft-lb-sec there is no problem. 

D-1137 of 21 June 1976 should be referenced, rather 
than 12 January 1976. 

General Comments 

1. The earth magnetic ffeTd is modeled as a tilted 
dipole (HEAO-74-460-084) with the justification that 
magnetic torques are small with respect to the gravity 
gradient torques. Since the recognition of a 4i!T error 
in the magnetic torque model this assessment may not be 
true any more and a more accurate model of the earth 
magnetic field may be necessary. 

2. Describe planned activity and schedule for resol Vi ng| 
effect on ACDS of telescope to spacecraft isolators. 

3. In the Appendices; Portions of the TRW memos are 
obsolete and hence incorrect. These obsolete passages 
should be identified. 

4. The first time the period for one revolution of the 
RW is mentioned, the magnitude should be described as 
well as the fact that the direction of revolution Is 
identified. 


' RafwtrtL* to lint numbtr wllhjn tit# ptmrtoh oir luliptrurtpli. 


USPC.FonntfQI (AuputlHD 
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RECORD OF COMMENTS ON PUBLICATIONS 


I DATEi 

October 4, 1976 


SUBJECTi 


HEAO-B ACOS COR (26000-460-042. 19 October 197; 


£ 


REVISION NOTES FAOMi 

S. 14. Seltzer, HEAO-B ACDS Review Team, MSP 


'lt|“ I PAOE I PARAORAPH I line- 




V 


COMMENT ffiuct we^lni of ncemniiinood cluins* mutt M •Inn) 


64 

65 

66 


6-46 6.5 


RCS command pul^ width should be 0.040 sec, not 0.030 
sec. 

What is the projected life time for HEAO-B with 268 
pounds of propellant, based upon RCS Qualification 
Test Data and latest ACOS simulations? 

Initial acquisition requirement has not been complied 
with as stated under capability column. The documented 
supporting analysis has not been shown applicable. 


* Rtforinco lo iln* numbof wltP!n Ih* tMumruHi et iutRwm«ra»f». 


MSFC.roim IH* <Au«iut 
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Abstract 


A final section is inf.lnrled in tbe dnseriptions 
to inilicdto the. types of fnllow-nn studies currently 
in progress. Thnso Include assi'ssments of the 
applicability of the Hfftt) concept to advanced pay- 
loads and operational refpii ree'cr, t.s reflectin<j the 
transition to the jpace tiliutl’.e era. 

11. G eneral r.lia mclcristics 

The science payloads of each of the three ini- 
tial HFAO missions are sumariced in Tables 1 
through 3. The A and B payloads contain r-ray 

Table 1 . HEAO-A Erperinenls 
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t-o initial three salellites is the lligti Inergy 
, .jimr/ Observatory (Ilf Ad) series are in the 
..Ml development stages with the llrst launch to 

(i April 1977. overall prn<|ram design con- 
, • stressed cost reduction through use of Hard- 
in standardization for the three configurations 
!-< missions. The Attitude Control and Dotcrniina- 
Subsystem (ACDS) developed for HIAO was able 
.• achieve significant design comnanalily In both 

• rdvare and software in an implementation which 
,,‘isfied the performance requirements of the 
v,ifcrtnt missions. The ACDS thus provides an 
MiTjle of a multimode/multimission design which 
,t. 3 uld soon be operational . 

1. Introduction 

The preliminary design studies of the High Energy 
i-tronomy Observatory (HEAD) family of satellites 
,-rc performed in 1969-71. TRH was awarded the 
►ardvare development and integration contract for 
■.0 observatories in 1972 The paytoad for each 
,if the two consisted of groups of 7-8 scientific 
a.pcriments capable of detecting, locating, and 
cciracterizing high energy x-ray, y-ray, and cosmic 
ray celestial sources. The HEAD development effort 
■IS redirected to a preliminary design phase in 
1913 with a goal of reducing total program costs, 
inree smaller observatory designs with fewer (3-5) 
eaperinents in each payload and a set of recon- 
figured spacecraft subsystems resulted from toe 
rtdefinitlon activities. In July 1974 a hardware 
ID-ahead was again authorized for the three rede- 
flnsd satellites. The launch date for the first 
observatory- in the restructured program (HEAO-A) 

U April 1977,' The succeeding two observatories 
(HEAO-B and C) are. to be launched in 1970 and 79. 

This paper describes the Attitude Control end 
Cetemination Subsystem (A^DS) which evolved from 
the redesign studies and which is now in the 'final 
stages of development, 

. The ACDS. design concept considered: mission/ 
eiperiment 'imposed requirements, component comnon- 

• iHty among the tbrpe observatory configurations, • 
development costs, aiid aceppmodation of follow-on 
payloids and missions. To .indicate .how these 
aspects influenced the implementation, the experi- 
"ent payloads and their associated mission per- 
formaTice requirements are described. These are 
followed by suimaries of ttip charactertstiM of 
the three observatory confipurations. Within this 
systeiss-levcl background, the descriptions of the 
ACDS are then developed starting with an overview 
of the subsystem design rationale indicating nw 
the ate... considerations ware treated. The atti- 
tude control mode structure is described and related 
to the mission requirements. The use of modulariza- 
tion in the f 1 Ight software and the resultant 
teoefits realized in the ACDS are noted. The fiMl 
tubsections provide additional detail on the atti- 
tude reference and attitude control modes in the 
fona of block diagrams and performance suemaries. 

• Section Head, Control and Sensor Systems Laboratory, Associate fellow AtAA 
“ Work sponsored by HASA/HSFC under contract NAS8-28300 ' 
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experiments while the HEAO-C payload consists of 
y-ray experiments. The characteristics of each 
mission are shown in Table 4. All of the three 
mission orbits have low altitudes and relatively 
low inci inati.ons due to the desire of the experi- 
mehters to mi'nimize the duration of instrument ex- 
posure to the South Atlantic Anomaly (SAA) trapped 
radiation region. The orbits were selected to be 
compatible with the use of the Atlas-Centaur as the 
launch vehicle and to have orbital decay -r»cter- 
istics which would provide satisfactor ss ;n 
lifetimes. The experiments of the A ana C payloads 
require a scanning mode of operation to achieve 
the science objective of a full sky survey. A 
complete celestial map Is obtained by providing 

Table 2. HEAO-B Experiments 
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a controlled scan of the observatory body about 
the sunline fjr a period of six months. The HtAO-A 
experiments are capable of obtainin'l science data 
when operatim in a celestial poinlintj mode and, 
therefore, the capability for periodic operation 
in this mode is also noted. The tlCAO-H experiments 
are all configured to operate in a celestial point 
mode. Celestial targets for pointing are selected 
based upon scientific interest. The attitude con- 
crol performance requirements for the three missions 
are seen to be similar for A and C hut significantly 
more stringent for B, The same is true for the post 
facto attitude determination requirements. These 
differences in performance will be shown to be 
effectively accomnodated in the ACDS design by use 
of hardware and software modulariyation to enhance 
commonality and reduce costs. 


Table 4. Mission Descriptions 
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The sequence of events from launch to normal on- 
orbit operation is depicted in Figure 1. The 
sequence is nomlnaTly the same for all three mis- 
sions although the normal operating mode for HEAO-A 
and C is celestial scanning while that of B is 
celestial pointing. The Centaur provides direct 
injection into thp final orbit and three axis sta- 
bilized control of the observatory prior to separa- 
tion, The requirement for roll orientation of the 
observatory during the final phases of ascent is 
dictated by the desire to minimize exposure of 
certain of the experiments to sunlight. Following 
separation, the observatory damps the separation 
transients and orients the solar arrays toward the 
sun. A controlled scan rate about the sunline. is 
then initiated. The observatory equipment is 
checked out and experiments activated in the fol- 
lowing several days. Completion of activation 
results in transfer of each observatory into the 
respective normal operational mode. 



figure 1. Mission Sequence 
Conf iq ura ti on Desc ription-, 

The program design concept for the HFAO config- 
uration is shown pictorially in Figure 2. The 
observatury structural design is subdivided into 
two modules. The SEH (Spacecraft tquiprent Module) 
is configured tu he comr''On to all three configura- 
tions. The EH (Experimenl Module) is configured 
to be mission unique. This allows accwev/dalior 
of the wide variations in the e/periment physical 
characteristics while maintaining a degree of com- 
monality in the spacecraft bus. This design con- 
cept was strongly influenced by cost considerations. 
It has been found to be very effective and is now 
being exploited in applications studies of follow- 
on payloads. 



Figure 2. Configuration Tree 

The more detailed characterfstics of each of the 
three observatory configurations are shown in 
Figures 3 through 5. The four HEAO-A experiments 
are seen from Figure 3 to view along the and -Y 
body axes. The experiment designations A-1 through 
A-4 are as defined in Table 1. The body axis which 
is maintained solar oriented is +Z. The body fixed 
solar array panels are approximately normal to the 
Z axis to maximize conversion efficiency. The cant 
of the main array panels is for thermal reasons tut 
It also allows a limited degree of off-sun pointing 
without significant loss of power. The physical 
characteristics of the configuration and certain 
design 'features of the other subsystems are listed 
on the figure, 'tocations of the experiments within 
the cH are also shown. 
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Figure 3. HEAC-A Configuration 


T)ie HEAO-B experltnent configuration 1s shown In 
nqtire 4. Experiments B-2 through B-B (see Table 
;) jre mounted oh a rotating platform. This plat- 
fonn has four Indexed positions, each of which 
dice one of the experiments at the focal point of 
,<he hlgn resolution telescope (HRT). Thus, only 
cne of these four experiments can gather data at 
my one time. The B-1 experiment does not rely 
uron the KRT and thus 1s nominally gathering data 
It all times. The optical axis of the HRT Is along 
U>* ♦* body axis. The main solar array panels of s 
the A configuration are augmented In B by additlon- 
i! array area added along the outer edges and 
canted bade In a gull-wing fashion. The upper 
array of B also differs from the A and C configura- 
tions due to the conical shape of the upper portion 
of the EH on 8. Sumnarles of the physical charac- 
teristics of the B configuration and other sub- 
systems are also tabulated In Figure 4. The normal 
node of operation for HEAO-B Is tg point the' HRT 
toward a'celestla.1 target of Interest and Atell on 
the target for an extended period. The target 
orientations are selected so that the solar arrays 
ire maintained near the sunllne as with HEAO-A. 
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Figure 4, HEAO-B dinflgufetlon 

The HEAO-C layout «s depicted In Figure 5 has 
experiaKnts viewing elong the T axis as did HEAO-A. 
The solar array configuration Is also similar to A, 
■otatlon about the Z axis while maintaining *l 
aelar oriented Is also the normal mode of on-oii>1t 
oparatlon for HEAO-C. 



III. ACDS Description 


Design Rationale and Equipment Descriptions 

The payload, mission, and configuration of each 
of the three observatories have been shown to ex- 
hibit similarities and distinct differences. The 
goal of the AC05 was to’ Implement a design which 
would capitall 2 e on the similarities and minimiie 
the irnfact of the differences. The functions allo- 
cated to the ACDS In the observatory design were 
attitude control and post facto attitude determina- 
tion. The latter was to be accomplished by ground 
processing of the data derived from onboard equip- 
ment. This aspect of the design will not be dis- 
cussed In this paper although allusions will be 
made as to the functions perfpmted. To enhance 
operational autonomy, all attitude control func- 
tions were to be implemented with onboard equip-' 
ment. The spacecraft equipment was to he located 
In the SEH to the extent possible for compatibility 
with the common bus concept. 


The attitude control regufrenents derived from 
the payload objectives emphasized a stellar-inertial 
frame as an attitude reference. This lead to the 
Incorporation nf an onboard Inertial attitude 
reference in the ACDS design, A strapdown config- 
uration of precision gyros was established as the 
primary sensors for the attitude reference. The 
solar arrays In all three configurations are body 
fixed requiring sun pointed attitude control. Sun 
sensors were Included to provide solar referenced 
attitude sensing. The requirement for accurate 
three axis post facto attitude determination and 
precision on-orbit pointing of HEAO-B dictated that 
star trackers also be used as Inertial attitude 
sensors. The payloads on HEAO-A (A-3 experiment) 
and HEAO-B Included star trackers in their designs. 
To minimize program costs. It was decided early in 
the system design definitions to allocate the star 
tracker sensing function on the A and fl configura- 
tions to the respective experiment units In Hew of 
replicating them in the ACDS. As none of the HEAO-C 
experiments, contained star trackers, these sensors 
were Incorporated as part of the ACDS equipment fit 
that configuration. 

I 

The attitude control accuracy requirements and 
mission lifetimes for HEAO-A and C were compatible 
with use of, reaction controV thrusters for actua- 
tion. The pointing requirements for HEAO-B, how- 
ever, coupled with the one year mission duration and 
operation In a low earth orbit disturbance environ- 
ment, could. not effectively be satisfied with 
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tiivristcr nrtii.itfon. fiontUnn whi'rls w<‘rn selected 
f«r «!)nLi*n1 torjiu^nti Anil tiiniientim <toriHjn in the 
f‘»A0-l! conf lyuviition. 7iir Reorticm CniitroT Sub* 

(RCSl oi tbi* A and C cnnf l«n<rations was ro* 

1, lim'd in htrwrvor, to |irt*scrvo cwiBumal Ity In 
tiio othi'f A( hS nporalinn n^uies and as a means for 
periodic unloading of the stored teren turn In the 
reaction wheels. 

Selection of the sensing and actuation hardware 
concepts for the three ohservatory configurations 
was relatively straightforward. Selection of the 
most effective means of implementing the computa- 
tional, logic, comnand and telemetry Interfacing, 
and sensor/actuation interfacing functions was not 
so clear cut. The multimission design requirement, 
ACD5 mode structure, attitude reference functions, 
computational accuracy requirements, development 
costs, size, weight, and power considerations lead 
to the selection of a general purpose digital com- 
puter In lieu of special purpose dedicated elec- 
tronics for this Implementation. The computer was 
augmented with an interface assembly which performed 
signal conditioning, input, output, and miscella- 
neous peripheral functions. 

* The hardware block diagram of tne ACDS is shown 
in Figure 6. The key features of each assembly are 
sunmarized in the respective blocks. The equipment 
lists by observatory configuration are shown in 
Table 5. The primary interfacing unit in the sub- 
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Table 5. ACDS Fquipment lt*»tS 
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system design can hf* seen from the block diagrair 
to be the Transfer A-.senbly (TA). By defining the 
interface requirement"! for the equipment in all 
three of the observatory configurations at the on* 
set of the AC0f> development, a carmen TA design 
was synthesized. Configuration peculiar require- 
ments were then acconriodated in this concept by 
interconnect cabling and flight program software 
differences. This overall subsystem design defini- 
tion resulted in each hardware assembly being of i 
single standard design with the observatory con- 
figuration dictating its presence or absence in 
the equipment complement. Electrical design, 
manufacturing, and qualification costs were there- 
by reduced. 
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Figure 6. *CDS Equipment Suroary and BlcJt Diagram 








The retluniliim. iei '.Imwii in t1n‘ ciiinimirnt 

H'iK oi 1 ill'll" fi wi'ri' itlfliili'il liv llii; iti’'-l'iii n'- 
quirmcnl I1i.it mi simile imiiit li'ilun- shmilil re- 
sult in ii mission l.iiliirt'. in life i.V'.e ii( IIIAH-B, 
‘thc'redumlsnLy of the Heferenco llyro AssiniliT ies 
(SGA) w.is increased fur mission reliiihiUty reasons, 
A minimum of tnis5-slr‘.i|i|iiiiij is pri-.eni in the 
ACDS lies ion— aga'in rrstiUinq in iniiiU’iiieiitiitiiiit 
simplicity. In partiuiUr, no triris-slriippiiig 
exists heiween the 1A ami Dinilal I'ror.essnr As'.em- 
blies (DPA). Initial spacecraft level reliatiility 
tradeoffs showed that this cross-strapping could 
he deleted in favor of subsystem level tross- 
strapplnn with the data handling subsystem. This 
allMed the use of an existing UPA desimi which 
MS then in the final phases of qualification. Use 
of this quaVified design reduced development cost 
end risk. Redundancy management of the on-orbit 
eauiiment was defined early in the program to ho 
a ground allocated function for all tllAO subsystems 
to raininize complexity. 

The accoomodation of the spacecraft equipment 
in the SEH is Indicated in Figure 7. The sun sen- 
sor. TA, OPA, and two of the RGA locations are 
cwimon in all three observatory configurations. 

The star trackers allocated to the A-3 experiment 
in HEAO-A have been previously shown in Figure 3. 
ihey are units similar to those used in the SAS-C 
program 1'). The third RGA, the RHtA, and the 
RRA units are located in vacant volumes existing 
in the SEH in the A configuration. These were 
provided by properly considering the equipment 
complements for all three configurations in the 
initial SEH layout and sizing. The experiment 
star trackers for HEAO-8 have been shown in Figure 
a and are currently under development IP*. The 
HEAO-C layout is as in A with the addition of the 
tvo Star trackers of the SAS-C design also. The 
trackers In this configuration use the volume pro- 
vided by the deletion of the RHEA, RGA, and RHA 



The geometrical arrangements of the gyros, re- 
action wheels, and reaction control thrusters are 
as follows; , 

gyros - Each Rate Sensor linit {RSI') in a RGA 
contains two sensors whose input axes are co- 
planer but which are scissored plus and minus 
5B.2B degrees respectively from the normal to 
the mounting plane of the RSU. The RSU are 
mounted in orthogonal planes with respect to 
the body axes (see Figure 7) so that in the 
HEAO-B configuration of three RSU the six gyros 
form a dodecahedron. Anyi combination of three 
of.the gyros will provide complete three axis 
tensing. 


ri'.K I full wlifi'l-. ■ Th" fniir rca'.Uqii whi'i*!', are 
Mini iipiri'il wilh thi'ir Iqrqijf'/mmi.'rit.u'ii a/'-s 
rinrm.ll tii tlv Iricr-'. uf a '.quam baV' p/ranid, 

Ihi' iiiiv’ of til" pyramid is in thn 11 
plane anil Uir* .tiiiix i'. trtward +X- lla-, ha'.e is 
'.Vi'wi'd lb drijri'i". with rr". pert to the body 
Y .ind 7 axi". . Thi'. ririi'nl.itlon Iticrr.a'.es the 
niiiiw'iitiim "rivolo|i<> .ilon't UU' 7 axi'. which is 
till' on" ahoiil wiiif.li moM .1 th" nmriouvcT', are 
|ji ■ ‘iiriiir-rl li.ip f.o '.ol.ir .irr v pointin') con- 
straint'.. till' tillariglp oi tho nhool axe. 
out of tho 'll tilani- 1', 2(1 'ln'|,ro'). Thrpo ' 
axis control is availablo using any throe of 
the four wheels. 

reaction control thrusters - Six dual thruster 
mbduTcs’Tocated' underneath the SHI as shoan In 
figure 7 provide tor<)ues about the three body 
axes. Six thrusters (one frrx" each of the 
modulGs) arc* ii pern ted as a bank with the 
other six providing redundancy. Reconfigura- 
tion is hy bank. Two of the Six thrusters 
in a bank thrust along the il axi'. and pro- 
vide torque about the pitch (Y) axis. The 
remaining four thrust along the +Y axis and 
are used in combination to provide roll (X) 
and yaw (Z) torques. The RCS arrangeront is 
common in all three observatory configurations. 

Hade Structure 

The definition of the normal operating mrjde 
structure of the ACDS evolved from the experiment 
requirements and mission event sequences. An addi- 
tional mode of operation was dictated by a critical 
failure survivability requirement. The attitude 
control modes of the throe HCAO configurations are 
shown in Table 6 correlated with equipment utiliza- 
tion. The Hormal Sun Acquisition (USA) mode pro- 
vides a two-axis maneuver controller capable of 
orienting the observatory +Z axis toward the sun 
from any attitude. Control in the third axis 
(about Z) is a rate damping controller with a non- 
zero conmapJ bias'. Once having acquired the sun- 
line, the NSA mode maintains sun piiinting even 
through eclipses. This mode is utilized for acti- 
vation, initialization, and reinitialization phases 
to be discussed subsequently. The Celestial Scan 
(CS) and Celestial Point (CP) modes are the nominal 
long term operating modes for HEAO-Ayc and HEAO-8, 
respectively, the CP mode has also been implemented 
in HEAO-A and C as an operational option. 


Table 6. ACDS Operating Bodes 
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The above three inodes are referred to as normal 
control modes as they have been configured to take 
maximum advantage of the available ACDS equipment. 
As noted previously, redundancy management and 
equipment reconfiguration are ground functions. 


Tiir linw c.irth orhU of tho »irn» m1«.s<4)ifi aoH tlio 
M.Kioii lnc.lt tciti*: flllui-iH’d t.» ttii'ic iitiffj- 
(iiitul s‘i|'t'iirt r.iiri' iiniiiiul iiiiiliirt lii b<‘ 

i>f diir.tt ion 6-10 iiiiiiuti’S iiiiif of triniHi’iii y mitjo )irr 
iH hit or Ih'.s. Ilm>, a iiiii.inr [irirtiiin of l! opor- 
.ilinii (ini' is 'ipont out of siiilit of (hr i|roiinil. 
fill!. 1‘1'i'si'iits till' iinssibtUfy tliat powi'r critical 
conilitiims loulil dfiso iturim) tlii'si* timi". .v. a ri- 
siill o( I'quipiiii'nt f.iiliircs, .<inl Iho nriiiiiKi would 
hr iiiMl'lr to tia«'l,y ocliim. To proviilr n 
siirvital capability in the I'vi'ol of rraiTiimi a piiwnr 
critical state, the First Sun Aciiuisition (ISA) 

Bo'de has also been implinicntril in ttir Af.llS. This 
mode provides a reduced cap.ihlttly for sun auiuisi- 
tion and sun point compared to that of the USA mode 
but without use of the RGA or the Ol'A. Th'" onboard 
hardware autonomously rcconfiqures itself to bypass 
the BPA and RGA units and switch to the reiiiiiidant 
sun sensors and HCS thruster bank in the F?iA mode. 

This equipment reconfiguration is initiated by an 
undervoltagc signal from the Llectrical Power Sub- 
system which is used to indicate an incipient power 
critical state. Reacquisition of the sun in the 
FSA mode follows the reconfiguration as a means of 
regaining electrical powfer. The FSA mode control 
laws and logic are impTemented in dedicated elec- 
tronics in the TA. 

Substates of certain of the primary attitude 
control m^es also exist fn the ACOS design. These 
will be covered io the individual mode descriptions 
which follow. Before leaving the mode structure 
definitions, the nominal utilization sequence for 
norma! ope .tion is covered in Taf\te 7. The mis- 
sion phases described in the table, can be corre- 
lated with the orbital events by reference to 
Figure 1, ,The FSA mode is used imnediately follow- 
ing Centaur separation in lieu of the NSA mode. 

. This allows the gyros to lie OFF during ascent and 
separation while still providing 'positive attitude 
control foTlowing separation to minimize experiment 
sun exposure, the hand over from FSA to NSA modes 
is done prior to entry into the first orbital 
eclipse, the mode change allows gyro based atti- 
tude errors to be propagated through eclipse and 
thereby minimize sun exposure of the experiments 
at eclipse exit. NsA to CS or CP mode transition 
is made after initialization and checkout are com- 
plete. Normal operations are then initiated. 
Nominally the ent' 'e mission is conducted in the 
CP or CS modes. Interruption of the primary mis- 
sion can result from operating equipment anomalies. 
In these events, sun reacquisftions can be performed 
Via reversion to the NSA qr FSA modes. Return to 
normal operation follows problem correction and 
reinitialization. 


Table 7. (fade Sequence 
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.am mad, iiiin|iti' ti'ifr. in r I (irini'd , cjn'riil I'ar and', 
iiiilliut, and M'tl' li".l.'. ('/I'lijiid nai.h cyi.li' wUW 
Ulii' ixri'litiiin I'l I"' mitul. Iln- (urn t iiin', .] 1 1 i,r a i i.,j 
til flu' fliqlit iiru'ttai' am m/"i vitiaf. i.finf iqiiration 
di'imndi'Ot a'. Imli rail'd in Mu' I'l'iduli' ll'.llr'q rif 
Tallin II. llin tnndulf I it If. d'",r.rilin On fiir'if.lnn-; 
pi'ii ijriuf'd . Miir)uliiri/.it iijn of tbn fli'jl-t iirr/jrar. 
allirni'il a miniii' iz.it ion of uni'i’jn a', Vi-ror. 
imidiilfi r.ould hn df/nliiiind onr i; an<l t».i.<. mslirated 
a', ti'quirod in ttm Ihrm- pro'jram',. Tni", com.ept 
i'l indicated in thn latile. MihO'nt tnn total In- 
structions regoirerl for the tnree prni'i-', is 
12,510, only 6040 instructions were actually de- 
veloped by virtue of the rodularization erployed. 
This has resulted in considerable cost and sctied'jle 
payoff for the overall software devel 0 P''e''t. It 
has also greatly facilitated software checkout and 
qualification. 


Table 8. Software Modularization 



Attitude .Reference 


The ogboard ACOS function .las been divided into 
two parts, attitude reference and attitude control, 
in the subsequent descriptions. The two are inter- 
related but it is pcisible to indicate this inter- 
relationship withou undue confusion and the dis- 
cussions can be developed sonewhat easier by making 
the separation. 

The attitude reference is depicted in block 
diagram form in Figure 8, The body-fixed inte- 
grating rate gyros provide continuous incremental 
atlituiie infontHtion which is sampled by Ihe flight 
firii'jraiii each ciiiiifiulational cycle. These outputs 
are converted to a gym ,ixis sensed rate, If-ins- 
fonm'd into the liody coordinate friiiue, and '.tale 
factor corrected to develop an estimate of sen'icd 
anipilar riltc components in body axes. A correc- 
tion is then made for the gyro drift rate. The 
gyro processing algorithms follow those developed 
tn (fi. The rate estimates developed in the gyro 
processing module are used by the attitude con- 
trollers as the rate feedback and as the input to 
the strapdown equations for attitude propagation. 

The attitude propagation algorithm also follmis 
the development of f*i assumes constant rates 



r 


i 


1 



|vv «4I 

J«*«« tl««l 

S i \m^ l^;i 




1 iMt«4<ia I 




Figure B, Attitude Reference Block Diagram 


over the propagation interval to derive the transi- 
tion matrix expression. The four parameter sot of 
quaternions derived in the attitude propagation 
algorithm forms the onboard attitude reference 
estinate of the body-fixed coordinate frame with 
respect to an inertiul coordinate frame. The 
inertial frame in all three HEAD configurations is 
the ECI (earth centered inertial) set. The body 
fixed set differs with configuration but in each 
case is defined to reflect an orthogonal set con- 
sistent with the pointing objectives of the experi- 
ments. 


The gyro based portion of the attitude reference 
is augnented by three algorithms which allnw up- 
date corrections to be made based upon independent 
celestial measurements. Updating based upon the 
post facto ground attitude determination solution 
Is processed onboard by transitioning the ground 
estimate fron the solution time to the current 
tine. This is then used to replace the currently 
propagated quaternion. The algorithm uses the 
standard matrix operations for quaternion algebra. 
The ground update algorithm is cenmon to all three 
flight programs . 

The second attitude update algorithm which is 
also contained In all three software programs uses 
the measurements from the narrow angle detector of 
the Z sun sensor assembly (ZSSA). These pitch and 
roll sun sensor outputs provide celestial attitude 
Information which is used to form a measurement 
residual based on the attitude reference estimate. 
This Is multiplied by thq pseudoinverse of the 
"■•asurement wtrix to compute an attitude correc- 
tion which is then added to the current reference 
estimate to form the update. 

The third -.ttitude update algorithm utilizes 
star tracker measurement^ in real time and is 
unique to HEAO-8.' On A i^nd C the star tracker 
data are telemetered for ground processing. No 
crocessing of these data is done onboard. The 
precise pointing requirement of B dictated that 
autonomous updatihg using the star tracker data 
be implemented in‘ the flight program. The algo-“ 
rlthm ^development' Is an extension of that analyzed 
in lrl and, as in the sun sensor algorithm, the 
measurement residuals and the matrix pseudoinverse 
are used to compute the quaternion correction. In 
t^e case of the star tracker update, simultaneous 
•easurements from two different stars are used to 
form the update. This allows a full' three axis 
. update to be performed each time the algorithm is 
aatquted. 

The accuracy df the different attitude update 
•IgorUiiB Is primarily dependent upon the sensor 


nr ijrnumi siitipl i'-d dat.i. Oiilit).ird conpu tat tonal 
nrror'i ari' nii inlii iufd twluw ‘,-1, ,ir (.•,'■> nwl-, in the 
itrouiid iinil M..ir l.r.ii-knr procn-.-. i nq arid tmlw D.l- 
O.i’ dt'(|ri‘c', for tim ’.uti '.ntr.w procn'.'.in'). Ttif-.e 
aruiriicy rcquircmi-nl al loc.ilinn'. limit. l,b>: u'.n of 
dmtlilf pri't i-, iun l.o only coriiMj tat inns which 

mu’.t in' rigidly tonslra iru'd for p"rformanf.'‘ masons. 

Typical pnrfomwn'.f* of Iho aU.ltud" mli-mnce 
in Celestial jcan is shown in r igurr- '). Tho figure 
shows the three attitude errors as a function of 
lime. The time inti'rval is ttiree scar revolutions. 
These results am Irom simuiations which incorporate 
sensing and computational error sources. The pre- 
dominant error source is the gyro dH ft rate 
residual (the difference hotvieen the true value of 
drift and the ground derived estimate). This error 
gives rise to a coning motion of the scan avis 
pointing as analytically developed in ' ' and a 
divergent error atiout the scan a/is. Figure 9 
shows the roll and pitch (X and Y a/es| errors to 
be cyclic indicating the coning while the yaw (Z 
axis) error diverges at appro/imately the rate of 
the uncompensated gyro drift. The coning motion 
of the Scan axis forms an error source in the 
estimation of the +Z axis pointing accuracy. The 
error in the estimate of the attitude about tne 
scan axis does not effect painting accuracy in 
scan but is corrected periodically using the ground 
update algorithm. This allows the target orienta- 
tion to be satisfactorily acquired should the CP 
control mode of HEAO-A or C be commanded by the 
ground. 



Figure 9. Attitude Reference Scan Mode Performance 
■■ 

Celestial Point performance of the attitude 
reference is depicted in Figure 10 under conditions 
of periodic autonomous Star tracker updating. In 
the figure, the effects of the uncompensated gyro, 
drift rate are again apparent as errors which cause 
the attitude reference errors to increase nearly 
linearly between updates. Every 64 seconds, a star 
tracker update is performed which has the effect of 
reducing the attitude reference errors lb very 
small values again. This method of updating allows 
the HEAO-B pointing stability to be maintained 
within the 30 arcseebnd requirement without ground 
intervention. 
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Figure 11. FSA Controller 




Figure 10. Attitude Reference Point Hode Performance 

Overall attitude reference errors due to algo- 
rithm simplification (truncation and cortmutation) 
and computational roundoff have been shown by test 
to be less then 3-5 antseconds over periods of 
several thousand secoijds. The error propagation 
characteristics from these sources have been noted 
to be cyclic with time. 

The initialization of the attitude reference 
following Centaur separation or failure recovery 
is done by using the ground update algorithm in 
conjunction with the post facto attitude estimates 
from the ground processing filter. This is typi- 
cally done whife the observatory is operating in 
the HSA mode and the star trackers are being scanned 
in a plane nonhal to the sunline. This initializa- 
tion scheme is conmon ho all three configurations 
even though the star tfacker orientations differ. 

Attitude Controllers ' 

The attitude controller implementations asso- 
ciated with each operating mode are described in ' 
this section. The order selected for description 
fbHows that of the typical sequence of events 
noted in Table. 7 beginping with the FSA mode which 
is entered following sqparation from the Centaur. 

First Sun Acquisition (FSA) Mode. This mode 
provides active control about the roll (X) and 
pitch (Y) axes to orient the rZ axis of the ob- 
servatory to thp sun. .The sun sensor signals are 
used for orientation cqntrol. Actuation is pro- 
vided by the RC^S thrusters as indicated in Table 6. 
Ha control about the Z.axis is implemented in this 
mode. A block diagram .of the control laws of this 
mode is shown in Figure 11. As has been indicated 
previously, the, primary objective of this mode was 
simplicity of fjiplemen|ation to achieve a survival 
capability should critical conditions be experi- 
. enced out of ground contact. The use of this mode 
imipediately following Centaor separation resulted 
from the deSire' to avoid exposure of the gyros to 
the separation shock with their spin motors oper- 
ating while also reduci|ng experiment sun exposure. 


The FSA Controller features two sets of identi- 
cal parallel signal paths for pitch and roll. The 
selection of the controlling parallel signal path 
is done automatically based upon the state of the 
sun presence bilevel for the ZSSA. When the bi- 
level does not indicate sun presence, the duty 
cycle modulator logic is used for control of the 
thruster conmands. The modulator gates a clock tg 
the control logic which in turn operates to torrand 
the correct sign of control torque based upon the 
processed VSSA signals. The YSSA outputs are con- 
bined in the TA processing to produce pitch and 
roll Jiilevels. The pitch bilevel indicates that 
the sun is above or below the YZ plane of the body. 
The roll hilevei indicates that the sun is to the 
right or left of the XZ plane. Use of these bi- 
levels for control in this earner results in’ maneu- 
vering the +z body axis toward the sun. As the +Z 
axis approaches the s -., the ZSSA sun presence 
bilevel changes state and control is transferred 
to the position plus derived rate signal paths. 
Position errors from the ZSSA provide proportional 
signals with a stable null along +Z. The derived 
rate signal is implemented with a lead network. 

Once sun acquisition has been accomplished, the 
deadzone of the switching amplifier produces a 
limit cycle mode of operation about the sun point 
orientation. Logic is incorporated in the control 
loop to inhibit all control comands in this mode 
upon entry into eclipse. Reacquisition is then 
accomplished at eel lose exit. 

Pointing accuracy in this mode is within a 10 
degree half cone angle of the sunline. This pro- 
vides the necessary illumination of the solar 
arrays to keep the observatory alive electrically 
without unduly constraining the control electronics. 
Hode entry is by ground comnand or autonomously in 
the event of a power bus undervoltage indfeation. 
Equipment retw 'i^uration logic with respect to 
RCS, PPA, sun sensors., and RCS thruster bank select 
is done prior to mode en-'y as has been noted pre- 
viously. 

Notiwl Sun Acquisition. The NSA, CS, and CP 
control modes which utilize RCS thruster actuation 
are of a comon generic design which is depicted 
in the block diagram of Figure 12. All of the 
cdhputations and logic shown are performed by the 
flight program. Limited position and rate feed- 
back 1,oops are used in conjunction with a pulse- 
width jiDdulator with deadzone in each control axis. 
One of the significant payoffs of this coranon con- 
trol topology is that a single set of software 
instnicLIdns can be used in the flight program 
with multiple looping to effect three axis control. 
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Thts Is done in the ACS Comnand Compute module of 
ttie flight progrem (see Tablets). The computation 
if the position error is control mode dependent 
jod is done in Che Attitude Error Determination 
noduie. 

The NSA position error signals in pitch' and roll 
are derived from the sun sensor outputs in non- 
eclipse. Yaw axis control is aluays rate only 
■ith a coamnd bias. Urge attitude errors as 
indicated by the lack of a ZSSA sun presence signal 
result in the TSSA bilevels being used to produce 
i situreted position error. The sense of the 
error is derived from the stste of the- respective - 
-pitch or roll bilevel. This produces rate-limited 
naneuvering toward the sun for large pointing 
errors. Proportional errors and a signal null are 
produced by the ZSSA as the a-Z axis of the obser- 
ratory approaches the sun. Attitude hold during 
eclipse is pro>'ided by integration of the body rates 
to oroduce an equivalent position error during this 
portion of the orbit. ^ 

Orientation of the +Z axis relative to the sun- 
line is maintained to within a 6.4 degree half cone 
anile In this rontroi mode. The rate conmand con- 
trol loop about Z (yaw) with a comnand bias pro- 
rtdes a scan of the body about the sunline. This 
• tcanning motion is used to develop star maps from 
t'e Star tracker outputs over successive scat) 
"volutions. These dato, in conjunction with gyro 
aphcmeris, and a star catali^, are used in a 
sn of ground processing algorithms to define an 
• estimate of the inertia! orientation time history 
pi the observatory-fixed axes. \ A specific time 
'cint is then selected from the time history and 
t^f onboard attitude reference .initiallied via the 
I'Dund update algorithm. With , the attitude refer- 
ince initialised, the CS or CP modes which utilize 
. these outputs for position control may be entered. 


r.<>l<!‘.t.ial ‘.ran. Ihc C'-> aUHud>' control nmiic, 
lii(> Ihi- U'Jl'iiunlo, |irovtilr'. orifrit.ulion ot tti< *Z 
iixiv .«iil a rnotroilv'il rolatlon about the t. a/ls. 
Hfiw«*VfT, III till', nnd*’, tbo •/ fi/i*> I'* pointi'd 
iniTlially in- a diiri.t bm '.|ll•(.ll iort by a t.argi't 
giialornlon, (JI, witich ddlrw'. a targot cnordinale 
ir.iim- with ri'Stwtl In thr ftl frame . Ibo Z aris 
of the l.anjet conrillorilo franii- is ihr. df'.lri'd align- 
mi'nl ul the */ hiiily . l/irtrol iinclllon errors 
for thr roll (X) anil |iilth (f) a/i*'. are fomii-d 
from till' diri-'ction i.o-.tiM'" •-•li'mi'itf. of the Iridy to 
taniel IransforiUiitioii owtrlx wbicb ili'fino tin* 
proji'ctiiin of the I laro'-t axis on the V and I 
body axes. The expression', for compiitatlon of 
-thp'.p elements are shown on i>* right side of 
figijfC 13. Iho vector-matrix multiplication on 
the left side of the figure is the quaternion 
equivalent of the coordinate transformation fror 
inertial-to-body (0) to target-to-body (QE). The 
direction cosines have the t qper -characteriities 
of providing a value which is proportional to the 
♦Z axis pointing error. These quantities. are used 
directly In the common control laws of figure' IZ, 
as the position error signals. 
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Figure 13. CS Hode Position Error 


Changes in the orientation of the Z axis are 
accomplished by uplinking new target quaternions 
periodically. This is done'once or twice a day to 
maintain sun pointing. This inertial precession 
policy results in a rotation of the scan axis 
through 180 degrees in six months, thereby altow- 
‘ing the experiments to obtain a survey of the 
entire inertial sphere. 

The rate control of the yaw axis is achieved 
as in .the NSA mode by specifying the "position" 
error ’to be the rate command and the rate gain to 
be uniity. The position gain then becomes the rate 
error gain. The scan rate is nominal' 0.18 deg/ 
sec and is controlled by the deadzone to within 
lfl.018 deg/sec of the conmand value. Scan rate 
connands up to 0.6 deg/sec may be used under 
special conditions as dictated by the experiment 
planning. 

The minimum pulsewidths and the deadzones in 
this mode are specified to achieve pointing of the 
Z axis to within one degree of the target direction 
and luintain limit cycle rates below 0.01 deg/sec. 
The requireu deadzones are 0.4 degrees and the 
pulsewidths are 30-100 msec in roll and 7S-Z00 msec 
in pitch. The difference in pulsewidths reflect 
the differences in control acceleration and dis- 
turbance torque magnitudes in the two axes. The 
rate deadzone in yaw has been noted above. The 
minimum puTsctfi-lth in this axis is also M-100 
msec. 
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CplestJ.il JUJlnt. The El’ miwlp exist', in all 
three obVervStory corf iiiiir.iliotis . Ihl'. iiaiite pro- 
vides stabilized three .ixi>. coiitriil with re'.pecl 
to a specified inerli.iV t.iroet. llie l.inp'l ipw- 
tcrnion (QT) is Inins fmitied via the nil itiidr refer- 
ence as in the ES lUidr In derive body to tiiniel 
error .is shown ini ii|ure M, In tlie Cl* niiKle, how- 
ever, tic first three elements of the error ipi,!- 
ternion ar.e used direclly .is the position, errors. 
The factor of two shown in the fioiire accounts for 
the half angle characteristic of thi' qinlcrnion. 
Thcs^ position errors arc used as the inputs to 
the rate plus position control laws of the RCS 
controllers of Figure 12. The pointing performance 
of the A and C configurations is similar to .that of 
the Z axis pointing in CS. The control dcadzoncs 
are set at 0.4 degree in each axis and the minimum 
pulsewidths are individually specified to maintain 
limit cycle rates below O.Ol deg/sec in each axis. 
Propellant consumption tends to be increased during 
CP operation with respect to C5 operation due to 
the presence of secular disturbance torques from 
gravity gradient interactions. Target to target 
maneuvering on RCS is accomplished in the CP mode 
by coBinanding a target change. The position error 
working through the control laws will cause an 
eigen axis luneuver to be executed between the two 
target orientations. 
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Figure 14. CP'Mode Position Error 


The CP mode>imp1emelltat1on in HEAO-B also fea- 
tures a set of controliers which use reaction 
wheels (RM) for actuation. A block diagram of the 
RW control loops is shown in Figure 15. The ssme 
position error plus gained rate feedback topology 
is used in the-RM contpoT as was used In the RCS 
control laws. .Key differences exist in the two 
controllers however. The rate gain in the RH con- 
troller is computed on the basis of an algorithm 
which provides deadbeat response at maneuver ter- 
mination. The body to RW geometry is also used 
via the pseudoinverse distribution law to allocate 
error signals to the individual RW. 


Tbf wlM'<0 forttnil psUi'. each have a dlqllal in- 
teqr.itor to enh.icua- pointiuq accuracy. Tti** inle- 
qnitor. h.iv" llnfilnl .luthorH/ and are di'.en'tagrd 
durinq iii.>Ni'Uver'. , Tlie '.*|uare root nie'Catinn '.hown 
ill the l.liif.V diaqr.irn 1'. included In the contrcl 
law '.oflw.ire tn line.irlye the Hei.f.riial wrand 
to torque iiutput. ch.iraclerijtlC*. of the PwrA/PWA 
comhination. tuqic which t'. activat'd on th'; hasis 
of wheel '.p'-ed'. .v. '.en'.ed by th'- tachometer', is 
U'.ed to unload the wheels a', they approach satura- 
tion. Unloadin'] Is accomplished in a continuijus 
Interval with the comhfncd use of the PH and PCj 
thrusters to drive the wheel speeds to near lero. 
The unloading is a substate of the CP mode. Other 
than for use during unloading, the PCS is not nor- 
mally used in the CP mode for HEAtl-E. 

The RW controller maintains the +X a/is of the 
observatory (the experiment viewing axis) to within 
a few arcseconds of the targeted orieriiation in 
stabilized point. Errors fn addition to the control 
error arc present due to attitude reference drifts 
as shown previously. .Overall, the PH controller 
is able to point the experiments to the desired 60 
arcseconds accuracy and maintain the rjrlentatiop 
stable to 30 arcoeconds over intervals ol one iiour 
or more. The mo'.t '.evere transient due to control 
actions is experienced during th'i times when a 
wheel passes through zero speed. A simulation of 
this transient for IIEAO-B is shown in Figure 16. 

At 6.5 minutes in this run, a single wheel passes 
through zero due to the cyclic nature of the dis- 
turbance torques. This results In a change’ in the 
friction torque of the wheel which in turn requires 
the integrator in the forward loop to change signs. 
Except for such times, the RW controller is able to 
achieve average pointing accuracies on the order 
of one arcsecond. 



Figure 16. Wheel Speed Reversal Transient 
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' Figure 15. Reaction Wheel Controller 
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T»rqrl-to-tiirm't ntaneuvcrliuj Is dnni' liy a target 
chan9C I'oniiundcd by Ibe ground, H|ioii rec<’ipt of 
this co-riand, the tilipi'is arc unloaded. They are 
then turgued to reacUvely ♦■'ansfer mum>nluiti Into 
the body to effect a manci/.'er rate. Umi-iiwcr Is 
,lso a substate of the CP mode, ^e control logic 
iniMucuyers allows the full nonontum capatitllty 
of the wheels to he used when the manpiiwcr angle 
is sufficiently large. A typical 180 degree maneu- 
ver can be canplcted In less than 1000 seconds. 

I ■ 

IV. HEAP Applications and Hodlflcatlons 

The ACOS design which has been developed for the 
three initial HEAD missions and payloads has been 
described The stress in the development has been 
an cormenality and modularity. The degree to which 
this goal has been achieved can be measured sane- 
what by follow-on studies which are now in progress. 
HEAD-C with Us 1979 launch 'date Is being consid- 
ered for retrieval and reflight by the Space Shuttle 
Oriiiter. In this same time frame the TDRSS (Track- 
ing and Data Relay Satellite System) should be 
operat' onal and HEAO-C is being looked at as a 
candidate for providing early verification of the 
iDRbS capability. The subdivision of the EH and 
' SEA in HEAO-'C makes the refurbishment and reflight 
with modified payloads an attractive low cost 
option for certain follow-on scanning payloads. 

The use of a body fixed hign-gain antenna coupled 
with periodic operation of HEAO-C in' the CP mo* 
also provides a potential low cost/risk means for 
early TDRSS eguipment testing on-orbit. 

Finally, there have been identified a variety of 
astronomical experiments which possess the poten- 
tial for furthering the knowledge of the cosmos, 
iitth the advent of the Shuttle, these payloads 
can be launched at much reduced costs. By adapt- 
ing the HEAD sai to provide the on-orb It support 
for these payloads, additional satellite cost 
savings Mn be realized. Such applications studies 
ire currently underway. Preliminary results in- 
dicate that the HEAD design concept can be effec- 
tively used in this context. Resizing of reaction 
wheels and addition of magnetic torquing devices 
for unloading can be accommodated by the current 
design as can be the addition of a pointed articu- 
Uted antenna for telemetry ,and comnand through 
TDRSS. 


V. Conclusions 

The conceptual design of the attitude control 
subsystem for the HEAD satellite series was based 
upon hardware standardization and software modu- 
Urization. The implementation of this design is 
now In the latter stages of component qualification 
and spacecraft integration ahd test. Flight veri- 
fication will be Initiated following the first 
launch In April 1977. Experience gained from this 
development has indicated the following: 

1) development cost reductions can be effected 
by early conrtntratl* on the definition of 
design requirements fbr ell of the different 
missions 

2 ) equipment comnoniVlty can be enhanced by 
proper allocation of functions in the pre- 
liminary design phases 


3) mission and ennf iguration differences still 
require specific allenlinn as towjnal Ity 
cannot be effectively enforced In the Ingile- 
mentations under all circumstances . 

Some of the concepts employed on HEAD are also 
being considered for other programs currently under 
Study. Therefore, the HIAO experiences should be 
examined critically as the final development and 
operational phases proceed so that they can be 
appropriately applied to these future activities. 
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APPENDIX H 

HEAO-B ACDS REVIEW TEAM CALENDAR 



ORIGlNAn PAGB IS 
OF FOOR QUALTHQ 


MONTH, 


August C 



TUESDAY 1 WEDhESDAY i THURSPAV 


8:00 a.in. U 
Team Review ' 
of Straw Man 
Schedule and 
prepare Target 
Schedule. 
KIC/4487 


8:30 a.n. 

Review of 
HEAO-B ACDS by 
Dale Hoffman of 
TRH. 

Exec. Conf. * 
RoDfli/4487 


8:00 a.ffi. 
Presentation 
of -B ACDS 
Reqts. and 
Specs, by 
Bob Holf of EE71 
ECR/4487 



8:00 a.m. 
HEAO-B 
Activation 
n. Singley 
HIC/4487 



8:00.a^m. MO 
Review qharter^ 
and specs. 
ECR/4487 


8:00 a ,m. y12 

Report on . V». 
Pointing, Haneuvi 
and Momentum 
Management 
H. Kennel 
MIC/4487 

8:00 a.m. A 17 
Report on 
HEAO-8 ST. RGA, 
RHA. mnd RHEA 
Sims/Ooane 
ECR/4487 

... 

r 

8:00 a.m. 1 19 
Report on ^ 
G&C.Laws, 
Stability, Modes 
8 Assoc. Softwan 
Shelton/Rowe 
ECR/4487 

8:00 a.m. V 24 
Report on Vv. 
RCS & ElectrIcaT 
Systems 
dones/Mllner. 
ECR/4487 

8:00 a.m^ V25 
Criticism of Aw 
ACDS from 
targetlno 
viewpoint* 

Tom Recio 

8:00 a.m. V 28 
Critical Sinyte 
Point Fai'iures 
Affecting ACDS. 
N. Hilly 
EOl/4487 


Experiment Reqts, 
Jim Powers- ECR/1 


SHAM ruMNEii NO. I 


WNITC OAVS or MONTH IN TMt CMAU. QUAimN CINO-C* 








MONTH 




August - September 
































APPENDIX I 

HEAO-B ACDS REVIEW TEAM ACTION ITEM LOG 
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StcAiIiirnoMi 

SYSTEMS DYNAMICS LABORATORY 

POINTING CONTROL SYSTEMS 
BRANCH 


MARSHALL SPA.'^E FLIGHT CENTER 
ACTION ITEM LOG 


September 28, 1976 (REVISED) 


NO 

ITEM 

ASSIGNED TO 

DUE DATE 

DISPOSITION 

1. 

PREPARE STRAW MAN SCHEDULE. 

C. GREEN 

27 JUL 76 

DISTRIBUTE 27 JULY. 

2. 

COffiENTS ON ORGANIZATIONAL 
MATERIAL FROM JULY 23, 

ALL MEMBERS 

27 JUL 76 

COMPLETED 27 JULY, 

3. 

CONTACT HEAD PROJECT OFFICE 
FOR PROPOSED 3 AUG PRESENTATION 

e. GREEN 

27 JUL 76 

bob wolf presented 
ON 3 AUG 76. 


ON ACDS REQUIREMENTS AND SPECS. 




4. 

set up PROPOSED TO AUG PRESENTATION 
OF EXPERIMENT REOUIREHENTS UPON 

B. WOLF 

27 JUL 76 

BOB WOLF SEHING THIS 
UP. 


ACDS (BY SAO?) 




5. 

OBTAIN LATEST HEAO-B CEI SPEC. 

C. GREEN 

ASP 

C. GREEN REQUESTED 
COPIES FOR TEAM. 

6. 

OBTAIN LATEST 
ACDS SUBSYSTEM SPEC. 

B. WOLF 

5 AUG 76 

B. WOLF OBTAINED 
SPEC. 

7. 

CONTACT PRWECT OFFICE AND CHIEF 
ENGR's OFFICE FOR REPRESENTATIVE 

C. GREEN 

ASP 

BOB WOLF, DOC CARLILE, 
INVITED. 


AT EACH MEETING. 




8. 

CONTACT HOJTALIK's OFFICE FOR 
APPOINTMENT TO DISCUSS MISSION, 

C. GREEN 

ASP 

MEETING TOOK PLACE 
WEDNESDAY, JULY 28. 


SCOPE OF TEAM ACTIVITIES. 




9. 

LOCATE HEAO-B ACDS PERTINENT 
DOCUMENTATION, USING HOFFMAN *s 

C. GREEN 

ASP 

DOCUMENTATION LOCATED. 


LIST. 




10. 

SUGGEST THAT TOM GUFFIN PARTICIPATE 
IN REVIEW TEAM MEETINGS; DISCUSS 

M. SINGLEY 

ASP 

REP FROM CAUSEY'S 
ORGANIZATION INVITED. 


H/LLOVD STONE. 




(ALL ACTION IT01S COMPLETED ON THIS PAGE) 


Faf 



OIGANiZATIOHi 

SYSTEMS DYNAMICS LA;BORATORY 

POINTING CONTROL SYSTEMS 
BRANCH 

MARSHALL SPACE FLIGHT CENTER 

ACTION ITEM LOG 
(CONTINUED) 

NO. 

ITEM 

ASSIGNED TO 

11. 

RECOMMEND MOW BEST TO INCORPORATE 
ON-BOARD UPDATE (AND INTERFACE) 

OF ACDS BY STAR TRACKER. 

CRAIGHEAD/ 

KENNEL 

12. 

DETERMINE HOW BEST TO SCHEDULE 
HARDWARE (ST, RGA, RW‘s) REPORTS. 

SIMS 

13. 

PREPARE PROPOSED TEAM CHARTER. 

SELTZER 

14. 

ATTB4PT TO OBTAIN CDA-RELATED 
CHANGES OF PRELIMINARY DESIGN 
AUDIT FOR DPA SOFTWARE AND 
ENSURE THAT TEAM FAS LATEST 
SOFTWARE REOUIREMENTS. 

MIGHT 

15. 

REVIEW CEI SPEC AND PREPARE 
LISTS OF REQUIRED CHANGES. 

TEAM 

16. 

DETERMINE REASON FOR x-i^ 
PLANE CONSTRAINT OF +1° 
OF THE SUN LINE. 

B. WOLF 



|NAMt 



S. SELTZER 

OATE. 

SEPTEMBER 28, 1976 (REVISED) 


DUE PATE DrSPQSITI'QN 

ASP INTERFACE DEFINED 

AGREED UPON BY 
GRIAGHEAD/KENNEL: 
GROUND SENDS UP (TO 
ACDS) 2 SETS OF 
qUATERNI'ONS. 

ASP PLAN TO REPORT ON ALL 

AGOS HARDWARE AT ONE 
TIME (T9 AUG) UNLESS 
CLYDE JONES DEMURS. 


12 AUG 76 REVIEWED & DISTRIBUTED 

31 AUG 76 COMPLETED BY MEMO. 

HIGHT TO SELTZER, 

AUG 20, 1S76 (APP. O) 


16 SEP 76 COMPLETED 9 SEP 76. 


ASP CLOSED. REASON-TO 

OBVIATE NEED FOR A NEW 
THERMAL ANALYSIS. 


mi NO. 


2 


I 
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SYSTEMS DYNW4IGS LABORATORY 

POINTING CONTROL SYSTEMS 
BRANCH 


MARSHALL SPACE FLIGHT CENTER 

ACTION IT0I LOG 
(CONTINUED) 


DETERMINE MOMENTUM VS. TIME 
ANALYSIS/SIMULATION STATUS, 

PAYING PARTICULAR ATTENTION 
TO "LAZY SUSAN" AND ANY X-AXIS 
ATTITUDE POINTING REQUIREMENT. 

SET UP BRIEFING (NANCY HILLY) 

ON FMEA At:0 SINGLE POINT FAILURES 
FOR 26 AUG. 


CONTACT F. WOJTALIK: WHY DOES REGIO SELTZER 
STATE ACDS PERFORMANCE UNACCEPTABLE? 
ESTABLISH BRIEFING FOR TEAM. 


ASSIGNED TO 
H. KENNEL 


M. SINGLEY 


OBTAIN HASS DISTRIBUTION/MOMENTS 
OF INERTIA FOR "LAZY SUSAN" FOR 
HANS KENNEL. 

OBTAIN MOMENTS OF INERTIA OF 
MOTOR/GEAR TRAIN FOR HANS KENNEL. 

SET UP PRE-CDR BRIEFING FOR 
6-7 OCT. 

TAKE STEPS TO ENSURE TIMELY 
RECEIPT OF CDR DOCUMENTATION, 
i.e., 13 SEP 76. 

SET UP TELECON OR DISCUSSION TO 
VERIFY UNDERSTANDING OF TRW's RW 
MODEL (TRW MEMO HEAO 74-460-209) . 


B. WOLF 


CARLILE 


8. WOLF/GARLILE 




IMAME. 


S. M. SELTZER 


SEPTEMBER -d, I976(REVISE0) 


DISPOSITION 

KENNEL'S NOTE TO 
SELTZER 3 SEP 76. 
OPERATION NOT OBJEG- 
TIONAL FROM ACDS VIEW 
POINT (APP. P) 

TOOK PLACE 
26 AUG. 


BRIEFING TOOK PLACE 
13 SEP 76. 


CLOSED BY RESPONSE TO 
ITEM 17. 


IhOTOR' 5 gm cm^ (NEG- 
LIGIBLE) 

iGEAR TOIM » 

DICK ROSE & DALE KQFFI AN 
WILL BE HERE 6-7 OCT. 

RECEIVED 14 SEP 76. 


FOUR TRW MEMOS 
REVIEWED. 

TELECON UNCESSARY 



ORIGINAU PAGE IS 
OF POOR QUAUrV) 


A. 


OMGAWIZAnoNi 

SYSTEMS DYNAMICS LABORATORY 

POINTING CONTROL SYSTEMS 
BRANCH 


MARSHALL SPACE FLIGHT CENTER 

ACTION ITEM LOG 
(CONTINUED) 


ASSIGNED TO 


DISCUSS JITTER DEFINITION AND WOLr 

requirement with SAO AT MEETING 
TO BE SCHEDULED. 

DETERMINE NSA AND FSA DESIGN SHELTON 

verification RATE REQUIREMENTS, 

RESOLVE QUESTIONS CONCERNING SIMS 

ACCURACY AND RELIABILITY NUMBERS 
presented AT HEAO-B PDR FOR 
z-SUN SENSOR. 

CHANGE iTTLE OF 3d DAY OF GDR TO WOLF 
REFLECT IT IS SOFTWARE. 

ENSURE TRW ALLOTS SUFFICIENT WOLF 

TIME TO COVER SOFTWARE IN DEPTH. 

WHY MUST COMMENTS ON HEAO-A TEST WOLF 
RESULTS BE SUBMITTED BY 17 SEP? 

CHANGE DUE DATE TO AFTER HEAO-B 
CDR. 

SUBMIT REPORT ON REVIEW OF HEAO-A SHELTON 
TEST RESULTS DOCUMENTATION. 

HOW MANY MANEUVERS PER TIME PERIOD MULNER 
IS POWER PROFILE BASED ON? 

WAS HEAO-A REVIEW TEAM'S WOLF 

RECOMMENDATION ON "UNDERVOLTAGE 
SWITCHOVER" CRITERION ACCEPTED? 


SHELTON/COX 


S. M. SELTZER - 

pATEi 

SEPTEMBER 28, 1976 (REVISED) 

DUE DATE DISPOSITION 

/^SP CLOSED BY OPENING ITEM 39. 

CLOSED-FSA INITIAL CONDITION 
RATES GAML FROM A COMBIMTIO 
OF DUMPING 3 SATURATED RW s 
31 AUG 76 INTO VEHICLE AND THE FAILURE 
31 AUb ^p";jo^|PcASE THRUSTER WITH 

LPL SET AT 1 .25 sec. 


9 SEP 76 




COARSE SOLAR SIMULATION 
(USED FOR CALIBRATION). 

GARLILE WILL ENSURE THIS. 


ACDS WILL LAST 3 DAYS. 

3rd DAY ENTIRELY FOR S0FTWAR 

DELETE — MEAO-A. 


30 SEP 76 delete — HEAO-A. 


3> AUG 76 r! 

MORE THAN ADEQUATE. 


addressed by HOFFMAN 
AT 6 OCT PRESENTATION. 


MSfC J30« Ocle«» 
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lOlGAMfZATlOMi 


¥AR5HALL space fught center 


SYSTEMS DYNAMICS LABORATORY 

POINTING CONTROL SYSTEMS 

BRANCH — 

JO, -m 

34 SET UP PRESENTATION BY WQJTALIK 
ON DISPOSITION OF HEAO-A REPORT. 

35 DETERMINE PREVIOUS ELECTRICAL 

•J*'* f-unmirwrc UJ ir t 


ACTION ITEM LOG 
(CONTINUED) 

ASSIC 7 NEO TO 
SELTZER 

WOLF 


CONNECTOR EXPERIENCE w.r.t. 


FAILURES. 


36 DETERMINE IF HEAD TRANSPORTED JONES 

HORIZONTALLY TO CAPE AND 
DETRIMENTAL EFFECTS ON RC5. 


37 . 

determine how COMPUTER KNOWS 
WHICH TARGET TO POINT AT . 

GARLILE 

38. 

DETERMINE TESTED TRACK RATE 
OF STA. 

SIMS 

39. 

WRITE ECR TO DEFINE JITTER 
IN SPEC. 

SHELTON 

40. 

nTVUSS SCP AND HOW COMMANDS ROWE 

ARE UPDATED. EMPHASIZING ACDS INTERFACE. 

41. 

DEFINE PROBABILITIES USED IN 
CEl SPEC. 

CARLILE 

42. 

DOES E&C LAB DETERMINE IF 
HARDWARE EQUIPMENT SPEC MEETS 
AGDS SUBSYSTEM SPEC? 

DOANE 




IN AMI) 
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rOI&AHiZAIIONt 


MARSHALL SPACE FLIGHT CENTER 


SYSTEMS DYNAMICS LABORATORY 


POINTING CONTROL SYSTEMS 
BRANCH 


ACTION ITEM LOG 
(CONTINUED) 


^ ITEM ASSIGNED TO 


43. PRESENT TO TEAM: WHO WAS 0OANE 

RESPONSIBILITY FOR ENSURING 

EITHER THAT HARDWARE EQUIPMENT 
MEETS ITS SPEC OR THAT A WAIVER 
IS APPROVED AND HOW THUS PROCESS 
TAKES PLACE. 

44. WRITE EXCEPTION TO PARA. 3.3.15 JONES 

THAT IS REFERENCED IN PARA. 

3. 1.1. 2-6. 7 {p. 3-39) OF CEI 
SPEC. 

45. HOW ARE SUBSYSTEM (INCLUDING WOLF 

ACDS) POTENTIAL OPERATIONAL 

PROBLEMS DISCOVER-D BY FLl OPNS 
ORGN? WHAT IS THE.R FEEDBACK TO 
RESPONSIBLE SSE ORGA'^IZATIONAL 
ELEMENTS? (EX. SCP & COINCIDENCE 
TIME commands!. 

46. VERIFY THAT PULSE COMMAND WIDTH JONES 

USED BY TRW IS 0.040 sec. 

47 REVIEW FLIGHT PROGRAM REQUIREMENTS TEAM 

DOCUMENT, 


•KFC • F«fM SJM (A* OKlotw 1*73) 



6 



I 
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APPENDIX J 

HEAO-B ACDS REVIEW TEAM MINUTES 


PRECEDING PAGE BLANK NOT PILMJS^ 
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National Aeronautics and 
Space Administration 

George G. Mar«hatl Space FJight Center 

Marshall Space Flight Center, Alabama 
35812 




Reply to Atin ot 


ED22 


August 10, 1976 


TO: Distribution 

FROM: ED22,/Mr. Green, Systems Dynamics Laboratory 

SUBJECT: Minutes of HEAO-B ACDS Ad Hoc Review '"earn Meetings of 

July 23 and 27 , 1976 


An organizational meeting of the HEAO-B ACDS Review Team was held 
July 23, 1976. Dr. Sherman Seltzer announced his nomination as the 
new team chairman and presented a proposed review outline. Team 
members were asked to comment on the proposed outline at the 
July 27, 1976 scheduled meeting. The proposed outline was based on 
completing the review of the HEAO-B ACDS by the time of the Observatory 
ACDS Critical Design Review, scheduled for September 21, 19/6. Bob Rowe 
of Data Systems Laboratory replaced Archie Jackson on the revv'w team. 
Mr. Rowe will concentrate on the flight software. 


The first regularly scheduled meeting was held July 27, 1976, 

Maurice Singley of Systems Analysis and Integration Laboratory proposed 
Paul Craighead of the same lab as his alternate. The team agreed to 
change the meeting time to 8 a.m. but retained the meeting days as 
Tuesday and Thursday. Whether selection of guide stars was a subject 
for team review was discussed but not resolved. Singley will discuss 
vnth bis lab management the possibility of Tom Guffin (who is knowledgeable 
of judicious target selection routines) becoming part of the review team. 

Dale Hoffman of TRW made a presentation on the HEAO-B ACDS at the first 
working meeting on July 27. He reviewed the HEAO-B configuration and 
named each of the instruments. He explained that the experiment was 
constrained from pointing within 30° half cone angle of the sun. The 
equipment constituting the ACDS subsystem was discussed and differences 
between the subsystem for HEAO-A and -B were pointed out. The operating 
modes of the ACDS were explained. They are: (1) celestial point, 

(2) normal sun acquisition, and (3) first sun acquisition. The j 
scan rate for HEAO-B is 2 arc min/sec because of limits iFiposed jy the 
star tracker acquisition speed. Mr. Hoffman also discussird the HEAO-B 
activation time line and reviewed the documentation status. 
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A "straw man" HEAO-B review schedule and a review team membership 
list were presented and will be discussed in the July 29 meeting. 



C. E. Green 


APPROVAL: - . 

Sherman M. Seller 
Chairman, HEAO-B ACDS 
Review Team 


Enclosure 


GC * 

EE71/Mr. Wojtalik 
ECOl/Mr. Moore 
EDOl/Dr. Lov ingood 
EDO! /Dr. Worley 
ELOl/Dr. Thomason 
EPOl/Mr. McCool 
ACDS Team Members 
EC21/Dr. Doane 
ED22/Mr. Green 
EL 04/Mr. Hight/Mr. Cox 
EF15/Mr. Rowe/Mr. Collins 
EP24/Mr. Lee Jones 
EDI 2/Mr. Kennel 
EC13/Mr. Milner 
EDI 2/Mr. Shelton 
EC22/Mr. Sims 

EL54/Mr. Singley/Mr. Craighead 


[6«GANUAhO»4i 


M/Cr'sHALL space flight center 





nVMrrtMiTrc 1 AllfM>ATIii0 V 



S. M. SELTZER 

SYSTEMS 

UVNmMI 1'1/0 L/^ISUKn I'l/txT 


HEAO-B ACDS REVIEW TEAM 

DATE< 

PO'INTING 

ROfiNrW 

CONTROL SYSTEMS 


COMPOSITION 

JULY 30, 1976 

DiNnI'lW.n 

t . 

SNERMAN M. SELTZER 

CHAIRMAN 

SD LAB 


GEORGE B. DGANE. 

III 

ACIDS HARDWARE 

E&C LAB 


CLAUDE E, GREEN 


STRUCTURAL DVNAMUCS 

SD LAB 


HERHO.l HI GMT/ROBERT COX 

FLIGHT SOFTWARE 

SASI LAB/M&S 


BOB RGWE/GHARLES COLLINS 

FLIGHT SOFTWARE 

DATA SYS. LAB 


LEE JONES 


RCS 

STRUC & PROP LAB 


HANS KENNEL 


POINTING, MANEUVERING, & 
MOMENTUM MANAGEMENT 

SD LAB 


ROBERT MILNER 


ELECTRICAL SYS. 

E&C LAB 


HARVEY SHELTON 


STAB. & CONTROL 

SD LAB 


C. R. SIMS 


ACDS HARDWARE 

E&C LAB 


r-iAORICE SINGLEY/PAUL CRAIGHEAD SYSTEMS/GROl'Nij SOFTWARE 

SASI LAB 


(MFC - (Rw I9M| 


me NO. 



ORiLrINAL PAGE Kj 
OF POOR QUAIOTI 


f ) 

MOMTH„ JULY -• AUGUST 



1926 



) 



WRITE OAYS OF MONTH IN THE SMAL1_ QUARTER CIRCLED 


! 











188 


SYSTEMS DYNAMICS LAAi ^^ATORY 

POINTING CONTROL SYSTEMS 
BRANCH 


MARSHALL UPACli FLIGHT CtNTCR 
COMPONENT DOCUMENTS 


S. M,. SELTZER . 

Ill 

jJULr 30 ._19Z_6_ (_REWEj)}_ 


HARDWARE 

AVAIL. DOCUMENTATION 


iCCMPON. EN 

TA 

PDA/GDA D.ATA PKG; 

EQ. SPEC 

PAI’tCIERA 

OPA 

POA/CDA DATA PKG; 

EQ. SPEC 

PANCIERA 

ZSSA 

PDA/CDA DATA PKG; 

EQ. SPEC 

SIMS 

YSSA 

PDA/CDA DATA PKG; 

EQ. SPEC 

SIMS 

RWEA 

CDA/GDA * (TO 8E SUPPLIED) 

EQ. SPEC 

SIMS 

RWA 

PDA/CDA 

EQ. SPEC 

SIMS 

RGA 

PDA/CDA 

EQ. SPEC 

SIMS 

SOFTWARE 

HEAO-B FPH-B 

FPRD, FPDD 

— 

11 1 GUT 

■ PROG. PIP 

REQ. DOC. (RD) , DESCR. DOC. (DD) 

— 

MIGHT 

RCS(DTM) 

PDA/CDA DATA PKG 

EQ 1-50 

JONES 


M',K . Jir;« ll^n 


ORlGINil] PAGFr'lH 

Oft- POOR quale;:xi 


SYSTEMS OVNAMIGS LABORATORY 

POINTING CONTROL SYSTEMS 
BRANCH 


MARSHALL SPACE FLIGHT CENTER 


ACTION ITEM LOG 


00 

C£> 


fjf) _ i tem ASSIGNED TO 


J. PREPARE STRAW MAN SCHEBIOLE. G. GREEN 

2. COMMENTS ON ORGANIZATIONAL ALL MEMBERS 

MATERIAL FROM JULY 23. 

3 CONTACT HEAO PROJECT OFFICE G. GREEN 

FOR PROPOSED 3 AOG PRESENTATION 

ON AC0S REQUIREMENTS AND SPECS. 

4 SET UP PROPOSED 10 AUG PRESENTATION B. WOLF 
OF EXPERIMENT EEOUIREMENTS UPON 

ACDS (BY SAO?) 

5. OBTAIN LATEST HEAO-B CEI SPEC. G. GREEN 


6. CONTACT 0. HOFFMAN FOR LATEST C. GREEN 

ACDS SUBSYSTEM SPEC. 

f CONTACT PROJECT OFFICE AND CHIEF C. GREEN 

‘ ENGR's OFFICE FOR REPRESENTATIVE 
AT EACH MEETING. 

a. CONTACT WOJTALIK's OFFICE FOR C. GREEN 

APPOINTMENT TO DISCUSS MISSION, 

SCOPE OF TEAM ACTIVITIES. 

g LOCATE HEAO-B ACDS PERTINENT C. GREEN 

DOCUMENTATION. USING HOFFMAN" s 
LIST. 

70 SUGGEST THAT TOM GWFFIN PARTICIPATE M.. SINGLEY 

IN REVIEW TEAM MEETINGS; DISCUSS 
W/LLOYD STONE. 


uvc • r^rm OdoOv 





I 

_ S . M. SELTZER , 

DAfti 

JULY 30. 1976 (REVISED) 


DUE DATE DISPOSITION 


27 JUL 

76 

DISTRIBUTE 27 JULY. 

27 JUL 

76 

COMPLETED 27 JULY. 

27 JUL 

76 

BOB WOLF WILL PRESENT 
ON 3 AUG 76. 

27 JUL 

76 

BOB WOLF SETTING THIS 
UP. 

ASP 


C. GREEN REQUESTED 
COPIES FOR TEAM. 

ASP 


C. GREEN ATTEMPTING 
TO OBTAIN SPEC. 

ASP 


BOB WOLF, DOC CARLILE, 
INVITED. 

ASP 


MEETING TOOK PLAGE 
WEDNESDAY, JULY 28. 

ASP 

ASP 


REP FROM CAUSEY'S 
ORGANIZATION INVITED. 


I 


Flic KQ. 



JbitlANl2AHONi 

SYSTEMS DYNAMICS LABORATORY 

POINTING CONTROL SYSTEMS 
BRANCH 


NO. 


77 - 


72 . 


"marshall space flight center 
ACTION ITEM LOG 
(CONTINUED) 


ITEM 


RECOMMEND WOW BEST TO INCORPORATE 
ON-BOARD OPOATE {AND INTERFACE) 

OF ACDS BY STAR TRACKER. 


DETERMINE HOW BEST TO SGWEDULE 
HARDWARE (ST, R6A, RW's) REPORTS. 


ASSIGNED TO 


CRAIGHEAD/ 

KENNEL 


SIMS 


S. M. SELTZER 


JWLY 30. T976 


OUE DATE 


ASP 


ASP 


DISPOSITION 


INTERFACE DEFINED 
AGREED UPON BY 
GRAIGHEAD/KENNEL: 
GRODNO SENDS DP (TO 
ACDS) 2 SETS OF 
QUATERNIONS. 

PLAN TO REPORT ON ALL 
ACDS HARDWARE AT ONE 
TIME (19 AUG) UNLESS 
CLYDE JONES DEMURS. 


13. 

14. 


PREPARE PROPOSED TEAM CHARTER. 

ATTEMPT TO OBTAIN CD5-RELATED 
CHANGES OF PRELIMINARY DESIGN 
AUDIT FOR DPA SOFTWARE AND 
ENSURE THAT TEAM HAS LATEST 
SOFTWARE REQUIREMENTS. 


SELTZER 

MIGHT 


ASP 

Miid-AUGUST 


Msrc- 


Fill HO,, 


I 




National Aeronautics and 
Space Administration 

George C. Marshall Space Flight Center 

Marshall Space Flight Center, Alabama 
35012 




Reply to Alin c^l: ED22 


August 10, 1976 


TO: Distribution 

FROM: ED22/Mr. Green, Systems Dynamics Laboratory 

SUBJECT: Minutes of the August 1976, HEAO-B ACDS Ad Hoc Review 
Team Meeting 


A scheduled meeting of the review team was held August 3, 1976. 

An attendees list is enclosed. 

Bob Wolf of the HEAO Chief Engineer's Office presented a review 
of tfie ACDS portions of the HEAO-B Observatory System Specification 
(72M10067, Rev. A). Several discrepancies between the CEI and the 
Subsystem Specification were identified. Team members were asked 
to review the CEI specification and prepare lists of required changes 
by August 10, 1976. It was concluded that the team should prepare 
RIDs on the documentation as the review progresses. Mr. Wolf accepted 
an action to provide copies of the latest Subsystem Specification at 
the August 5, 1976 meeting. 


The question was raised as to whether the review team charter covered 
verification. The consensus was that verification was an essential 
part of the review. It was noted that the term "probability" was 
used loosely in the documentation. A technical question concerning 
what would happen if the x-z plane constraint of + 1" of the sun line 
were violated. Mr. Wolf took an action to answer this question. 

Mr. Carl lie of the Project Office requested that the team plan to have 
a thorough RID review early in September. 


An attendee list for the August 3, 1976 review team meeting is enclosed. 






C. E. Green 


APPROVAL: 



Sherman H. Selt 


Chairman, HEAO-B ACDS 
Review Team 


Enclosure 


CH‘ POOR QUAIffl 


191 


cc • 

EE71/Mr. Wojtalik 
ECQl/Mr. Moore 
EOOl/Dr. Lovingood 
EDO! /Dr. Worley 
ELOl/Dr. Thomason 
EPOl/Mr. Mg C ool 
AGDS Team Members 
EC21/Dr. Doane 
ED22/Mr. Green 
EL04/Mr. Hight/Mr, Cox^ 
EF15/Mr. Rowe/Mr. Collins 
EP24/Mr. Lee Jones 
EDI 2/Mr. Kennel 
EC 13/Mr. Milner 
EDI 2/Mr. Shelton 
EC22/Mr, Sims „ . . . 

EL54/Mr. Singley/Mr. Craighead 
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August 3, 1976 


ATTENDEES 


Name 

Organization 

Phone 

C. Green 

ED22 

3-2525 

G. B. Doane III 

EC21 

3-1418 

H. F. Kennel 

EDI 2 

3-4718 

G. R. Sims 

EC22 

3-0795 

H. Hight 

EL04 

3-5222 

R. Milner 

EC13 

3-4638 

R. Cox 

M&S/EL04 

772-3411 

M. E. Singley 

EL54 

3-2713 

R. J, Rowe 

EF15 

3-3578 

Bob Wolf 

EE71 

3-4217 

Doc Carlile 

HA23 

3-1830 
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National Aeronautics and 
Space Administration 

C'eorgeC. Marshall Space Flight Center 

ivlarshall Space Flight Center, Alabama 
35812 




ED22 


August 11 » 1976 


TO; Distribution 

FROM; ED22/MT. Green, Systems Dynamics Laboratory 

SUBJECT; Minutes of August 10, 1976, HEAO-B ACDS Ad Hoc 
Review Team Meeting 


The scheduled review team meeting was held in the ECR at S:00 a.m. , 
chaired by Dr. Seltzer . 

The chair distributed, discussed and presented the current 

schedule and action item charts. These assigned^ 

for the next scheduled meetxng. Mr. H. Kennel was assignea 
the action to look into the angular momentum introduced in -o 
the Observatory by the FPTA. 

A lengthy discussion of the draft of the Te^ Charter was held. 

The cLir took copious notes which will be incorporated in a 
new draft of the Charter. Much of the discussion had to do 
with scoping the team’s sphere of activity and the t^ s 
interface with other functional areas, e.g., telemetry. The 
Question of the team's interaction with the ground ^ftware 
^specifically the determination of the attitude quarteraions) 

\ias a topic of lengthy discussion. The chair accepted an 
action to contact Mr. Wojtalik and explore this area. 

The last action- discussed and assigned to Mr. Singley was in 
the area of FMEAs. Mr. Singley will contact Ms. the 

about a presentation of the FMEA status as it applies to the 

HEAO-B ACDS. 
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During the course of the meeting it was decided that each ^ 
future presenter will reference the application specifications 
as a part of his discussion. The team will disposition the 
specifications as appropriate. 
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Reply to Atln ot: ED22 


August 12, 1976 


TO: Addressees 

FROM: ED22/Mr. Green, Systems Dynamics Laboratory 

SUBJECT: Minutes of August 12, 1976, HEAO-B ACDS Ad Hoc 

Review Team Meeting 


The scheduled review team meeting was held at S:00 a.m. , 
in the MIC room. Bldg. 44^7 » and was chaired by Dr. Seltzer. 

The chair presented, distributed and discussed as necessary 
the following six items. 

1. Minutes of the Aug. 10, 1976, meeting. 

2. Letter EE71-393-76 by R. Thomas Recio re HEA0~B 
Targeting. 

3. Action Item Log. 

4. Calendar of events. 

5 . Letter EE71-390-76 from Mr. Wojtalik to Dr. Lovingood 
re confirmation of request for Team’s existence. 

6. Second draft of the Team Charter. 

The bulk of the time was taken up by a presentation of 
Mr. Hans Kennel. He presented a detailed explanation of the 
maneuvering schemes oiT the HEAO-B attitude control system. 
Emphasis was placed on the scheme for control and the software 
implementation thereof (generally at the detailed flow chart 
level) . A number of discussions were engendered by this 
presentation. Among them were various relationships between 
the coordinate systems involved and the determination thereof. 
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Mr. Kennel has begun cheeking on the action items assigned 
him last time on the possible FPTA influence on the X-axis. 
He checked with TRW who is still checking (again) with AS&E. 
More data are needed to proceed. Various in-house contacts 
were generated for Mr, Kennel at the meeting. Further word 
on this issue will be forthcoming. 


In Dr. Seltzer's absence. Dr, Doane will chair the meetings 
of the vreek of August 16 which will include an extraordinary 
meeting on the eighteenth to hear a presentation by SAO 
representatives. Team members who would like to bring 
others who would benefit from the presentation should do so. 
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August 19. 1976 


TO; Addressees 

FROM: ED22/Mr. Green, Systems Dynamics Laborat ory 

SUBJECT: Minutes of August 17. 1976, HEAO-B ACDS Ad Hoe 
Review Team Meeting 


The August 17 Ad Hoc Review Team Meeting was held at 8 a. m. in 
the Executive Conference Room, Building 4487. Dr. George Doane 
was acting chairman. 

The action item list was discussed. Action item 16 was closed by 
Bob Wolf's answer that the requirement for maintaining alignment 
to ±1* of the sun line prevented a need for further thermal analysis. 
Interim results for action item 17 were discussed. Mr. Kennel 
commented that the constraint of ±1“ of the sun line can be main- 
tained during rotation of the FPTA if the inertial estimate of 
56 slug-ft^ is not significantly exceeded. Action item 13 was con- 
sidered closed since there were no required changes to the team 
charter. 

Harvey Shelton's presentation on guidance and control laws was 
rescheduled to August 19. The hardware people, led by Bob Sims, 
filled the break with a status on ACDS ancillary equipment, 

Mr, Sims stated that the sun sensors are identical to those on 
HEAO-A, so thiy were not discussed. He reported that the rate 
gyro assembly is also identical to HEAO-A. The status of tlie gyro 
is thet the qualification unit completed environmental test at Bendix. 
Bendix has measured the voltage sensitivity of the qual unit to be 
G.005 degree/hour volt which is acceptable to the principal investigator. 

Collier Rawls reported on the Honeywell star tracker and sun shade. 

The tracker spec calls for a sensitivity of an eighth magnitude star. 

The sun shade design is verified by analysis only because ground 
test facilities are expensive and difficult. The first flight star 
tracker is also used as the qualification unit. 
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John Burch (i'scussed the Sperry reaction wheel aseembly. Questions 
arose as whether minimum guaranteed lorque is 17- or 20 -inch ounces. 
Mr. Burch was asked to clear up the uncertainties On the speed vs 
torque curves. The first flight reaction wheel assembly again is the 
qualification unit, 

Clyde Jones reviewed the reaction wheel assembly electronics. He' 

' was asked to get a good model of the transfer function (current vs, 
torque). Mr. Jones expressed a concern that the TR'W RWA elec- 
tronics designers were no longer working on HEAO, 

The next review team meeting is scheduled for August 19. 

C, E. Green 
APPROVAL: 
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Reply to Aim ol: 


ED22 


August 23, 1976 


TO: Addressees 

FROM: EE^2/Mr. Green, Systems Dynamics Laboratory 

SUBJECT: Minutes of August 19, 197 6, HEAO-B ACDS Ad Hoe 
Review Team Meeting 


The August 19 review team meeting was held at 8 a. m. in the Executive 
Conference Room, Building 4487, chaired by Dr. Doane. 

Minutes of the August 17 meeting were distributed and discussed. 

Bob Wolf announced that the Smithsonian Astrophysical Observatory 
(SAO) people expect to have a representative here Wednesday, 

August 25, to discuss the ACDS requirements with the review team. 

* The SAO meeting is scheduled for 1 p. m. in the Exeeuti/e Conference 

Roo m. 

The remainder of the meeting was taken up with a presentation by 
Harvey Shelton. He discussed the guidance and control laws and the 
various ACDS operational modes. Mr. Shelton pointed out the 
ambiguity of the jitter requirement and probability terms as used 
in the observatory specification. He expects to submit a RID on this 
at the CDR. Mr. Shelton concluded by enumerating his HEAO-B 
pointing stability concerns. They are; 

* p Lack of analysis model verification 

o Lack of nonlinear analysis 
o Lack of flejtible body analysis detail 
o Lack of error budgets for celestial point 
o Lack of contractural requirement to document software/ 
hardware dynamic i^er ification. 
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A list of the meeting attendees is enclosed. 
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Reply to Aitn ol ED22 


August 24 » 1976 


TO: 

FROM; 

SUBJECT; 


Addressees 

ED22/MT. Green, Systems Dynamics Laboratory 

Minutes of Aug. 24, 1976? HEAO-B ACDS Ad Hoe 
Review Team Meeting 


The Aug. 24, 1976, Ad Hoc Review Team Meeting was held at 
S;00 a.ra. in the Executive Conference Room, Building 44s7- 
Dr. Sherman Seltzer chaired the meeting. 

The following documents were distributed. 

Minutes of the Aug. 17 and 19 meetings 
Updated schedule 

Proposed topic list for upcoming TRW RWEA telecon 
Preliminary Agenda for the EfflAO-B ACDS CDR 
Verification Plans for HEAO-A (including test results) 

List of software documents from Mr. Hight 

Mr. Lee Jones presented the RCS for HEAO-B pointing out its 
differences from HEAO-A. 

Mr. Milner then gave a presentation on the electrical power 
system. 

Considerable iiscussion encompassing all of the above documents 
and presentations resulted in the following new action items 
(old action iten*o were discussed but none closed out). 

Change title o± third page of proposed 

ACDS CDR Agenda Mr, Wolf 

Verify adequacy of time on Agenda for 

software review Mr. Wolf 
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See why Sept. 17 was set as a final 
date for the HEAO-A ACDS test results 
document review 

Review of ACDS test results document 

Updated handout re the RGS presentation 
■to be furnished 

Upon how many maneuvers per time is the 
power profile based? 

Was HEAO-A ACDS review team recommend- 
ation re LPL and undervoltage mode 
switching implemented? 


Mr. 

Mr. 


Mr. 

Mr. 

Mr. 


The next Review Team Meeting is scheduled for August 25, 


/ , L 




E. Green 


APPROVAL; 

Sherman 
Chairman, 
I^eview Team 


i- 


f.. 


i/- 


Seltzer 
HEAO-B ACDS 


Addressees; 

EE7l/Mr. Wojtalik 
ECOI/Mt. Moore 
EDOl/Dr. Lovingood 
EDOl/Dr. Worley 
ELOl/Dr. Thomason 
EPOl/Mr. McCool 
ACDS Team Members 

EG21/Dr. Doane 

ED22/MT. Green 

EL04/Messrs. Hight/Cox_ 

EF15/Messrs. Rowe/Collins 

EP24/MT. Lee Jones 

EDI 2/Mr. Kennel 

EC13/Mr. Milner 

EDIVMt. Shelton ^ 

EL54/Messrs. Singley/Craighead 

EC 2 2/Mr. Sims 


Wolf 

Shelton/ 

Cox 

Jones 

Milner 

Wolf 

1976. 


206 


National Aeronautics and 
Space Administration 

George C. Marshall Space Flight Center 

Marshall Space Flight Center, Alabama 
35812 




Reply to Attn ol: 


ED22 


August 26, 1976 


TO; Addressees 

FROM: ED22/Mr. Green, Systems Dynamics Laboratory 

SUBJECT; Minutes of Aug. 25, 1976, HEAO-B ACDS Ad Hog 

Review Team Meeting 


The August 25 review team meeting was held at Si 00 a.m. in 
the ^ecutive Conference Room, Building 44^7, chaired by 
Dr. Seltzer. 

A discussion of the schedule showed that Mr. Jim Powers 
was called out of town. His presentation will be rescheduled; 
possibly to Aug. 31 at 9:00 a.m. The telecon with TRW on the 
RW model question has been rescheduled for the 31st also (at 
10:30 a.m. in the MIC, Building 44^7)* 

The following handouts were distributed. 

Minutes of the S~19-76 meeting 
New Action Item Log 
New Schedule 

Mr. lecio's Action Item Log 

The action list was discussed with item 14 being closed out. 

The main reason for this special meeting was to hear Mr. Recio 
and Mr. Kurtz express their questions and reservations 
concerning the amount of observing time that may be lost 
because of ambiguous guide star sightings. Ambiguous because 
the star catalog in use only catalogs about 250,000 stars and 
also because of unknown structural dynamics induced perturbatxons 
imparted to the star tracker - RGA coordinate system relation- 
ships e.g. "hctdogging." TRW has a number of action items 
they are working to help scope the problem. 
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The team could not identify immediately a group at MSFG 
studying the structural dynamics problem in depth. An eiiort 
may be made to do so. 


/ 
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ED22 


August 26, 1976 


TO: Addressees 

FROM: ED22/Mr. Green, Systems Dynamics Laboratory 

SUBJECT: Minutes of August 26, 1976, HEAO-B ACDS Ad Hoc 

Review Team Meeting 


The August 26 review team meeting was held at 

the Executive Conference Room, Bldg. 44&V» chaired by 

Dr. Seltzer. 

This meeting was somewhat curtailed because Mr. Siugely 
reported in sick: he was to be a major presenter. Thus a 
tentative rescheduling of his presentation to Aug. 31 at 
10:00 a.m. was done. 

Mr. Lee Jones closed out his action item to provide copies 
of his updated (to HEAO-B) viewgraphs. Mr. Jones received 
a new action item i.e., to verify the position in which 
the observatory is shipped; horizontal or vertical. This may 
influence catalytic particle migration into the capillary 
tube in the thermal standoff area of the RC engines. 


Mr, Kennel reported that he is still working on the ^^®y 
Susan moment of inertia value problems. An updated le^'^er 
from AS&E still seems to contain questionable data and has 
introduced a new error of 10° compared to previous published 
data. Mr. Wolf is trying to find out who prepared the data. 


Ms. Nancy Milly distributed a listing of the ACDS MA for 
HEAO-B. The list revolves around pin/connector failure 
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modes and propellant leakage failure modes. Mr. Wolf 
received an action item to check into the connector 
rationale followed on HEAD e.g. dual pin single connector 
vs dual connector useage. 



C ... 


APPROVAL*. 



Sherman M. Seltzer 
Chairman , HEAO-1 AGES 
Review Team 


Enclosure 

Attendance List 

Addressees; 

EE7l/Mr. Wojtalik 
ECOI/Mt. Moore 
EDOl/Dr. Lovingood 
EDOl/Dr. Worley 
ELOl/Dr. Thomason 
EPOl/Mr. Mg Cool 
ACDS Team Members 
EG 21/Dr. Doan-j 
ED 2 2/Mr. Green 
ELO 4 /M 1 U Hight/Mr. Cox 
EF15/MT'. Rowe/Mr. Collins 
EP24/Mr. Lee Jones 
ED12/Mr. Kennel 
EC13/Mr. Milner 
1D12/Mr. Shelton 
EG 22 /Mr. Sims 

E154/Mr. Singley/Mr. Graighead 


211 


ATTENDANCE LIST - HEAG-B ACDS Ad Hoc Review Team 

August 26 , 1976 


Name 


Or ganization 


S. M. Seltzer 
R. J. Rowe 
H. L. Shelton 
R. L. Cox 
N. Milly 
R. Wolf 
C. R. Sims 
C. L. Collins 
L. W. Jones 
K . F . Kennel 
G. 1. Doane III 


ED12 

EFI5 

ED12 

M&E/ELO 4 
EL54 
EE71 
EC 22 

EFI5 

EP24 

ED12 

EC21 





212 


National Aeronautics and 
Space Administration 

George C. Marshall Space Flight Center 

Marshall Space Flight Center, Alabama 
35812 




Reply 10 Attn of: ED 2 2 


September 1, 1976 


TO: Addressees 

FROM: ED22/Mr. Green, Systems Dynamics Laboratory 

SUBJECT: Minutes of August 31, 1976, HEAO-B ACDS Ad Hoc 

Review Team Meeting 


The August 31, 1976, Ad Hoe Review Team Meeting was held at 3 a.m. in 
the MIC room, building 4487, chaired by Dr. Seltzer. 

Mr. Bob Sims announced that the scheduled telecon on the reaction wheel 
models had been cancelled. He had just received several memos that 
appeared to clear up the questions on the models. Mr. Sims will report 
on his review of these memoranda as soon as possible. 

The following documents were distributed: 

Updated review team schedule 
Revised action item log 


The probability that the ACDS CDR would slip into October was discussed. 
Action items 26 and 36 were closed. 

Mr. Herraon Hight made a presentation on the HEAO-L flight software. 

This subject is covered in TRW document #D01137, "Flight Program Requirements 
Document for HEAO-B ACDS," dated June 21, 1976, available in the 
repository. 

Mr, Jim Power, HEAO Mission B Manager, gave a talk on the HEAO-B systems 
requirements. He defined the ACDS driving requirements as being able to 
point the experiment anywhere to within 1 arc minute with a stability 
of 30 arc seconds per hour and a change rate of 1 arc second . in any 
one second. 

Mr. Maurice Singley discussed the ground attitude deteimiination system. 

He pointed out the problem of file drift rate of the gyros creates. 
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The review team elected to change the meeting time to 8:15 a. m. for 
future meetings. The next Review Team Meeting is scheduled for 

September 2, 1976. 


C. E, Green 
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R«p(y 10 Attn ol: RD22 

September 8, 1976 

TO: 

Addressees 

FROM: 

ED22/Mr. Green, Systems Dynamics Laboratory 

SUBJECT: 

Minutes of September 2, 1976, HEAO-B ACDS AD Hoc 
Review Team Meeting 




The September 2, 1976, Ad H^ic Review Team Meeting, chaired by Dr. SeLtaer, 
was held at 8:15 a.m. in the Executive Conference Room, building 4487. 

A revised action item list was distributed and discussed. Items 28 
and 29 were closed. Mr. Shelton accepted au action to draft an engi- 
neering change notice on jitter definition to close item 25. Mr. Carlile 
explained that target selection is controlled by the Stored Command 
Programmer to close item 37. 

An updated review team schedule was distributed. Rescheduling of the 
ACDS CDR until October 19 and 20 was discussed. Minutes of the August 31 
meeting were distributed. 

Preparation of RID’s for the CDR was discussed. Mr. Kennel Is preparing 
a RID on a procedure for updating the rate gyro. Mr. Milner discussed 
the still existing problem of the long pulse logic uncovered during the 
HEAO-A review. A concern was expressed that verification test data are 
not a contract item. 

A proposed final HEAO-B Review Team report format was presented by 
Dr. Seltzer and discussed by the team. 

The next Review Team Meeting is scheduled for September 9, 1976. 



Chairman, HEAO-B ACDS 
Review Team 


Addressees: see page 2 
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Reply to Altn of: ED 2 2 


» 

September 13, 1976 



TO : Addressees 

FROM: LD22/Mr. Green, Systems Dynamics Laboratory 

SUBJECT: Minutes of September 9, 1976, HEAO-B ACDS Ad Hoe 

Review Team Meeting 


The September 9 Ad doe Review Team Meeting, chaired by Dr. Seltzer, 
was held at 8:15 a.m., Executive Conference Room, building 4487. 

A list of the attendees is enclosed. 


The following documents were distributed: | 

o Note to Dr. Seltzer from Mr. Kennel closing action item 17 j 
o Revised meeting schedule for September 1 
o Updated action item list ^ 
0 Minutes of the September 2 review team meeting j 
o Draft of the HEAO-B ACDS reviaw team final report outline J 

Mr. Kennel's note on action item 17 concerning mementura versus time | 
analysis/ simulation status was discussed, and the action was closed. | 
The note also closed item 20. | 

Mr. Sims reported on his findings concerning the accuracy and reliability j 
numbers for the z-sun sensor. His report closed action item 27. | 

The final review team report outline was discussed. The concensus was j 
that additional time was required for further study and comments | 
before finalizing the outline. | 

i 

Mr. Sims reviewed the component specifications for the RGA, SSA, RWA, j 
RWEA and STA. He concluded that no RID's or comments were required | 
on these components at this time. | 
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The next meeting Is scheduled for 8:15 a.m.» September 13, 1976, in 
the Executive Conference Room, building 4487 . 
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EL04 /Messrs. Hlght/Cox 
EF15/Messrs. Rowe/Colllns 
EP24/Mr. Lee Jones 
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EC 13 /Mr. Milner 
ED12/Mr. Shelton 
EL54/Messrs. Singley/ Craighead 
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Attendee List 


September 9, 1976 


C. Green ED22 
S. Seltzer ED12 
R. Rowe EF15 
H. Bight EL04 
H. Shelton ED12 
R. Wolf EE71 
R. Sims EC22 

H . Kennel ED12 

I. Morgan EC22 
C. Carlile HA23 
L. Jones EP24 
G. Doane III EC21 
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DRAFT 

i 

HEAO-B ACDS CDR REVIEW TEAM FINAL OUTLIHE 

1 . Team mission (charter) 

2. Team composition 

3. Team approach to meet mission 

a . Accompi 1 shments 

b. Action list 

4. Team conclusions 

0 Include test results 

a. Assume each item O.K. 

b. Recommend review process for test results 

5. Decomposition of ACDS 


a. Hardware (Responsible Individual) 

(1) RGA (Sims) 

(2) RWA (Sims) 

(3) RHEA (Sims) 

(4) SSA (Sims) 

(5) TA * (Rowe) 

(6) DPA (Rowe) 

b. ^ Structural dynamics (Green) 

c. Pointing, maneuvering. & momentum management (Kennel) 

d. G&J laws, stability, & operational modes (Shelton) 


2 

e. Flight software (Hlght, Rov/e» Cox) 

f. Allied subsystems affecting AGDS 

(1) RCS 

(2) Electrical systen 

(3) Ground software 

(4) STA 

(5) Command & data handling subsystem 

6. RGA 

a. Purpose and operation 

b. Similarity and differences with HEAO-A 

c. Ability to perform properly (base on HEAO-A if applicable) 

d. "Show-stoppers*' 

(1) Describe 

(2) Action or recommended action, such as RID, ECR 

e. Concerns 

(1) Describe 

same as d above 

(2) Action— 


7. 

RWA 

• 

(Sims) 

'-B. 

t 

* ^ 
RWEA 

• 

(Sims) 

9. 

• 

• 

SSA 

(Sims) 


(Jones) 

(Milner) 

(Singley) 

(Sims) 

(Rowe will find out) 
(Sims) 
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10. 

TA 

(Rowe) 

11, 

• 

« 

DPA 

• 

(Rowe) 

12. 

• 

« 

Structural dynamics 
« 

(Green) 

13. 

* 

• 

Pointing* maneuvering* & momentum management 
• 

(Kennel) 

'14. 

• 

• 

G&C laws* stability* and operational modes 
• 

(Shelton) 

15. 

• 

• 

Flight software 

a 

(Kight* Rowe* Cox) 

16. 

a 

• 

RCS 

a 

(Jones) 

17. 

i 

a 

Electrical system 

a 

(Milner) 

18. 

• 

a 

Ground software 

a 

(Singley) 

19. 

a 

a 

STA 

a 

(Sims) 

20. 

a 

Command and data handling subsystem 

(Rowe will find oi 


• « 


21. Conclusions 

Appendices 

1 . 
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Reply to Alin ot. ED22 


September 15, 1976 


TO ! Addressees 

FROM; ED22/Mr. Green, Systems Dynamics Laboratory 

SUBJECT ; Minutes of September 13, 1976, HEAO-B ACDS Ad Hoc 
Review Team Meeting 

The September 13, 1976, Review Team Meeting was held at 8sl5 a.m. in 
the ExLutivc Conference Room, Building 4A87. The meeting was chaired 
by Dr. Seltzer. 

An updated review team schedule was distributed and discussed. Portions 
of the HEAO-B Observatory System Specification were discussed and the 
review of the ACDS Subsystem Specification, So7-29A, was begun. 

Mr. Fred Wojtallk, HEAO Chief Engineer, presented a report on the com- 
pleted and pending actions resulting from the HEAO-A A 

summary of the HEAO-A review team findings and the current disposit 
of each is enclosed. Mr. Wojtallk was made 

successful effort to obtain an experiment briefing by SAO. He « 
to support a two-man trip by team members to SAO to obtain the desire 

information. 

A list of the September 13 meeting attendees is enclosed. 

The next scheduled meeting will be September 16, 1976, at 0;15 a.m. 

) ^ ^ ^ 

C. E. Green 


APPROVAL: 


Sherman M. Selt«r 
Chairman, HEAO-B ACDS 
Review Team 

Addressees: (see page 2) 
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Addressees: 

EE71/Mr. Wojtallk 
ECOl/Mr. Moore 
EDOl/Dr. Lovlngood 
EDOl/Dr. Worley 
ELOl/Dr. Thomason 
EPOl/Mr. McCool 
ACDS Team Members 
EC21/Dr. Doane 
ED22/Mr. Green 
EL04 /Messrs. Hlght/Cox 
EF15/Messra. Rowe/Collins 
EF2A/Mr. Lee Jones 
ED12 /Mr . Kennel 
EC13/Mr. Milner 
ED12/Mr. Shelton 
EL54/Messrs. Singley/Craighead 
EC22/Mr. Sims 


Attendee List, September 13, 1976 


S, Seltzer ED12 

C. Green ED22 

G. Doane III EC21 

C. Sims EC22 

H. Kennel ED12 

R. Milner EC13 

H. Shelton EG12 

H. Right EL04 

R, Rowe EF15 

M. Singley EL54 

R. Cox EL04 

R. Wolf EE71 


SUMMARY OF ACDS REVIEW TEAM FINDINGS 
(HEAO-A) 


Recommendations/ 

Comments / Concerns — 

1. No governing CEI for pointing 
accuracy in FSA 

2. No governing CEI for pointing 
accuracy, in NSA 

3. Vehicle stability margins of safety 
have not been demonstrated by a 
simulation which contains a DP A 
with an actual flight program 

4. Hardware test data not available to 
validate simulated models 

5. Time response simulation data not 
provided for analysis 

6. Recommend crossover valve be closed 
during launch and open during normal 
spacecraft operations 

7. Identify difference in RCS consumption 
between LPL baseline and a proposed 
approach to switch to the secondary 
thrusters immediately upon receipt of 
LPL. 


Remarks 

CEI (3. 1. 1. 2. 5. 2. 3) specifies 
requirement (average bus 
power) 

CEI (3. 1. 1.2. 5. 2. 1) 
specifies 7 half cone 
angle (Sunpoint is NSA) 

TRW will provide data and 
discuss at l^ISFC week of 
September 30, 1976 

TRW will provide data and 
discuss at MSFC week of 
September 30, 1976 
TRW will provide data and 
discuss at MSFC week of 
September 30, 1976 
TRW lemo (HE AO-76-3 10-025 
rt imends to launch and 
opexute on-orbit with valve 
closed. 

TRW will discuss at MSFC 
week of September 30, 1976 


Disposition 

See RID lA from 
HEAO-B PDR 

Correct nomenclature is 
required (SCN is being 
worked) 


Change on-orbit 
procedures 


Recommendations / 
Comments / Concerns 


Remarks 


Disposition 


8 . 


Efforts unsuccessful for performance 
of RGA performance vacuum test 


Test plan being formulated 
between Bendix, TRW & MSEC 


9. RGA and STA hardware analysis results Project decision to use 

in lower than desirable confidence in SAS-C trackers 

these component 

10, Lack of mission operation details for 
ACDS failure anedysis and anomaly 
resolution 


11. Recommend that as soon as an LPL Signal TRW will discuss at 

is given the onboard logic switch off the MSEC week of 

primary thrusters and switch on secondary September 30 » 1976 
thrusters, plus the ACDS commanded to 
FSA 


12. Provide analysis to demonstrate validity 
of initial acquisition scheme, (including 
concern for initial star identification) 

13. Lack of detailed documentation of the 
downlink telemetry 


TRW will provide data and 
discuss at MSEC week of 
September 30, 1976 

Data should be available 
in data base 


14. IP&CL does not explain physical meaning IP&CL not intended to 
of engineering telemetry data for ACDS provide explanation 

evaluation 


Test will be performed at 
MSEC October 76-Jan. 77 

RGA qual test results \vill 
be made available for 
evaluation 

Mission operations pro- 
cedures will be available 
Oct 76-Jan 77 for MSEC 
review 


Contact A. Jackson/EF34 


Mission Operations pro- 
cedures will contain 
evaluation criteria for ACDS 


! 


R ecommendations / 

C omme nts / C one e r ns 


15. Insufficier_i information 
available to evalvtate the 
total ground data system 
integration effort 

i 

I 16. No plans for contractor support 

of DP A software after November 1976 

I 17. Unavailability of detailed software 

change and problem report 
; documentation 

r 18, Recommend that MSFC have non- 

] voting member on TRW software 

f control board 



TRW PGP 02 1 has been 
disapproved and a new 
PCP will be provided by 

TRW Data is being provided to 

H. Might, EL04 

Desirable to have A'SFC 
representation at selected 
meetings. TRW agree abL 


! 

■ inWrtirii iiiSi«i''i B‘-VtiiriT.iiniif 





National Aeronautics and 
Space Administration 

George G. Marshall SpMe Flight Center 

Marshall Space Flight Cehter. Alabama 
35812 


Reply to Aim of ED 2 2 


Sept. 17 » 1976 


ijQ. Addressees 

FROM: ED22/Mr. Green, Systems Dynamics Laboratory 

. (nrnhpr 16 . ■>976, HEAO-B ACDS Ad Hoc 

SUBJECT: IVELimtes of September id, f 

Review Team Meeting 

S%hflxeouUv^Con?eren=floom:"^^^^^^ 
was chaired by Dr. Seltzer. 

The follol^ing listed handouts were distributed. 

Record of Comments on Publications 

New Action Iteih- Log Action Item 40) 

SSfir^S! ^itrofeLi^L^r^Sy^^ PBB 

Action item W was 'i1®^“®|®'^^“‘*BOTll*This'^prtsentation generated 

action item 4o was ^ Wnlf Action item 3^ was closed 

additional questions from reply (2 arcmin 

out by Mr. Sims reportrng on the Hone^^^^ Uinltion of 

per time second).^ Mr. accented 

jitter re action „ gstablisbed formally, 

HKAO-B definition Jitter limit is defined 

S: ironflrfreS rore^time second. 

Additional discussions on other action Items occurred. 


r-\ 


o 
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ED22 

The Team spent the remainder of the morning continuing its 
review of the HEAO-B ACDS subsystem specification. 



APPROVAL: 




Sherman M. Seltz<er 
Chairman , HEAO-B ACDS 
Review Team 


Addressees: 

EE7l/Mr. Wojtalik 
ECOl/Mr. Moore 
EDOl/Dr. Lovingood 
EDOl/Dr. Worley 
ELOl/Dr. Thomason 
EPOl/Mr. McCool 
ACDS Team Members 

EC 21/Dr. Doane 

ED22/MT. Green 

ELOL/Messrs. Hight/Cox 

EF15/Messrs. Rowe/Collins 

EP24/Mr. Lee Jones 

ED12/Mr. Kennel 

EC 13/Mr. Milner 

EDIVMt* Shelton 

EL54 Messrs. Singley/Craighead 

EC 2 2/Mr. Sims 
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/ 


9-16-76 HEAO-ACDS Mtg. 


G. B. Doane, lH 

EC21 

453-1418 

M. F. Kennel 

ED12 

453-4718 

R. L. Cox 

M&S/EL04 

772-3411 

C. R. Sims 

EC22 

453-0795 

R. W. Milner 

EC13 

453-4638 

L. W. Jones 

EP24 

453-1242 

H. L. Shelton 

ED12 

453-4718 

R. J. Rowe 

EF15 

453-3578 

S. Seltzer 

ED12 



Maurice Singley 
H. H. Hight 
R. K. Wolf 
Claude Green 
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National Aeronautics and 
Space Administration 

George C. Marshall Space Flight Center 

Marshall Space Flight Center, Alabama 
35812 




ED22-76 September 21, 1976 

TO: Addressees 

FROM: ED22/Mr. Green, Systems Dynamics Laboratory 

SUBJECT: Minutes of September 20, 1976, IffiAO-B ACDS 
Ad Hog Review Team Meeting 


The September 20, 1976, Review Team Meeting was held at 8:15 a. m. 
in the Executive Conference Room, Building 4487. Dr. Seltzer 
chaired the meeting. 

The team agreed tc limit the agenda for this meeting to a review of 
the ACDS specification. The team concluded that the ACDS speci- 
fication should be changed to be consistent with the nomenclature 
used in the hardware specification. The error budget was dis- 
cussed and found to be incomplete. 

The list of September 20 attendees is enclosed. The next meeting 
is scheduled for September 28 at 8:15 a. m. in the Executive 
Conference Room. 



C. E. Green 


APPROVAL: 

Sherman M. Seltzer 
Chairman, HEAC-B ACDS 
Review Team 


cc; (See page 2) 
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AddresseesL 
EE7l/Mr. Wojtalik 
ECOl/Mr. Moore 
EDOl/Dr. Lovingood 
EDOl/Dr. Worley 
ELOl/Dr. Thomason 
EPOl/Mr. McCool 
ACDS Team Members 
EC2l/Dr. Doane 
ED22/Mr. Green 
EL04/Messrs. Hight/Cox 
EF15/Messrs. Rowe/Collins 
EP24/Mr. Lee Jones 
ED12/Mr. Kennel 
EC13/Mr. Milner 
ED12/Mr. Shelton 

EL54/Messrs. Singley /Craighead 
EC22/Mr. Sims 
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ACDS Team Meeting Attendees, September 20, 1976 


S. Seltzer, ED12 

G. Doane III, EC 21 

H. Kennel, ED12 
C. Sims, EC22 

R. Cox, M&S/EL04 
L. Jones, EP24 
R* Milner, EC13 
H. Shelton, ED12 
H. Hight, EL04 
R. Rowe, EF15 
C. Green, ED 22 
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Reply to Atm ol: 


National Aeronautics and 
Space Administration 

George C. Marshall Space Flight Center 

Marshall Space Flight Center, Alabama 

35812 




ED22 


October 5, 1976 


TO: Addressees 

FROM.: ED22/Mr. Green, Systems Dynamics Laboratory 

SUBJECT: Minutes of September 28, 1976, HEAO-B ACDS Ad Hoe 

Review Team Meeting 


The September 28 Ad Hoc Review Team Meeting, chaired by 

was held at 8:15 a.m. in the Executive Conference Room, Building 44 . 

An attendee list is enclosed. 

A revised meeting schedule was distributed and discussed. It was noted 
that Messrs. Hoffman and Rose of IRW would meet with the team for an 
IcDS pre-CDR on Wednesday, October 6. Both would also attend a maneu- 
vering meeting on October 7 . 

The action item list was reviewed. Item 24, concerning ^ 
wheel model, was left open pending the current reviews and meetings. 
Item 35 was closed by verifying that all ACDS eauipment connectors had 
been qualified by previous flight or would be 
for HEAO-B. Item 43, concerning hardware 

by the decision to state the review assumptions in the final report. 
The ACDS CDR package will be reviewed at the next 

scheduled for 8:15 a.m., Monday, October 4, MIC Room, Building 4487. 



APFROVAL: 



Sherman M. Seltzer* 
Chairman, HEAO-B ACDS 
Review Team 


Addressees; see page 2 
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Addressees : I 

EE71/Mr. Wojtalik | 

ECOl/Mr. Moore I 

EDOl/Dr. Lovlngood 1 

EDOl/Dr. Worley I 

ELOl/Dr. Thomason ^ 

EPOi/Mr. McCool | 

ACDS Team Members I 

EC21/Dr. Doane | 

ED22/Mr. Green | 

EL04 /Messrs. Right /Cox I 

EF15 /Messrs. Rowe/ Collins | 

EP24/Mr. Lee Jones \ 

ED12/Mr. Kennel | 

EC13/Mr. Milner I 

ED12/Mr. Shelton I 

EL5A/Messrs. Singley/Craighead ] 

EC22/Mr. Sims ^ 



Attendee List, September 28, 1976 


G. Green/ED22 

H. F. Kennel/ED12 
C. R. Slms/EC22 
R. K. Wolf/EE71 
L. W. Jones/EP24 
R. W. Milner/EG13 
H. L. Shelton/ED12 
Hermon Hlght/EL04 
Bob Rowe/EF15 
George B. Doane/EG21 
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Reply lo Ann ol: EDI 2 

October 26, 

1976 

TO: 

Addressees 


FROM: 

EDI 2/Dr. Seltzer, Systems Dynamics Laboratory 


SUBJECT; 

Minutes of October 26, 1976, HEAO-B ACDS Ad Hoc 
Team Meeting 

Review 


The HEAO-B ACDS Review Team chaired by Dr. Seltzer met Tuesday, 

October 26, 1976, in the Executive Conference Room of Building 4487. 

The Team used the time to explore at length the outline of the Final 
Report. Various parts of the outline were assigned to the various 
team members. 

The Team also reviewed the action Item list to ascertain that no open 
items remain. 

The Team will meet again Thursday, October 28, 1976, to review progress 
on the report. 

(V-vyr- 

')herman M. Seltzer 
Chairman, HEAO-B ACDS 
Review Team 

Addressees; 

EE71/Hr. Wojtalik 
EC 01 /Mr. Moore 
EDOl/Dr. Lovingood 
EDOl/Or. Worley 
ELOl/Dr. Thomason 
EPOl/Mr. MeCool 
ACDS Team Members 
EC21/Dr. Doane 
ED22/Mr. Green 
EL04/Hessrs. Hight/Cox 
EFl 5/Messrs. Rowe/Collins 
EP24/Mr. Lee Jones 
EDI 2/Mr. Kennel 
EC13/Mr. Milner 
EDI 2/Hr. Shelton 
EL54/Messrs. Singley/Craighead 
EG22/Mr. Sims 


Oct 26, 1976 — ACDS Mtg. 


George B. Doane, IF. 

EC21 

Hans F. Kennel 

ED12 

C. R. Sims 

EC22 

C. L. Collins 

EF15 

Lee W. Jones 

EP24 

M. E. Singley 

EL54 

R. W. Milner 

EC13 

H. L. Shelton 

ED12 

H. H. Right 

EL04 

R. J. Rowe 

EF15 


Sherman Seltzer 


ED12 


National Aeronautics and 
Space Adininistraiion 

George C. Marshall Space Flight Center 

Marshall Space Flight Center, Alabama 
358 1 2 


IM/VSA 


Rep>> to Alin ot ED22 


TO: Addressees 

FROM: ED22/Mr. Green, Systems Dynamics Laboratory 

SUB.IEGT; Minutes of October 28, 1976, HEAO-B ACDS Ad Hoe 
Review learn Meeting 

The HEAO-B ACDS Review Team, chaired by Dr. Seltzer, met October 28 in 
the Executive Conference Room, Building A487. 

Copies of the RID’s submitted to TRW at the HEAO-B ACDS CDR were dis- 
tributed to leam members. 


The Team spent the time reviewing 
List generated during the October 


the TRW Action Item and Agreement 
19-20 HEAO-B ACDS CDR. 


Bob Wolf was assigned an action to obtain documentation showing the 
disposition of all RID’s submitted by the Team at the CDR. 


The next Team meeting is scheduled for Thursday, November 4, in the 
Executive Conference Room. The purpose of the meeting is to begin 
the assembly of the Team’s final report. 


C. E. Green 


APPROVAL: 



/^/Sherman M. Seltzer 

Chairman, HEAO-B ACDS 
Review Team 


Addressees : 
EE71/Mr. Wojtallk 
ECOl/Mr. Moore 
EDOl/Dr. Lovlngood 
EDOl/Dr. Worley 
ELOl/Dr. Thomason 
EPOl/Mt. McGool 


ACDS Team Members: 

EC21/Dr. Doane 

ED22/Mr. Green 

EL04/Messrs. Hlght/Gox 

EFIS/Messrs. Rowe/Collins 

EP24/Mr. Lee Jones 

ED12/Mr. Kernel 

EC13/Mr. Milner 

ED12/MT. Shelton 

EL54/Messrs. Singley /Craighead 

EC22/Mr. Sims 
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Attendee list — Oct. 28, 1976 


C. Green 

ED22 

Lee Jones 

EP24 

C. R. Sims 

EC22 

C. L. Collins 

EF15 

Paul Craighead 

EL54 

H. H. Bight 

EL04 

R. K. Wolf 

EE 71 

R. W. Milner 

EC13 

H. L, Shelton 

ED12 

Hans F. Kennel 

ED12 

R. J Rowe 

EF15 

George B. Doane, IB 

EC21 

Sherman Seltzer 

ED12 


t 

>■ 

»• 

t. 


k 
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Space Administration 
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ED22 November 16, 1976 

TO: Addressees 

FROM: ED22/Mr. Green, Systems Dynamics Laboratory 

SUBJECT: Minutes of November 11, 1976, HEAO-B ACDS Ad Hoe 

Review Team Meeting 


The HEAO-B ACDS Review Team, chaired by Dr. George Doane, met 
November 11 in the MIC Room, building 4487. 


The Team discussed Che rough draft inputs To the final report with 
emphasis on Che introductory sections. Questions arose on how detailed 
the final report should be in finished form. Dr. Doane took an action 
to discuss this question with Dr. Seltzer when he returns from military 
leave. 


No additional Team meetings were schenuled. However, Team members will 
be required to review subsequent drafts of the report and concur in the 
final version. 

C. E. Green 


APPROVAL: 



Sherman M. Selt^r 
Chairman, HEAO-B ACDS 
Review Team 


Enclosure: Attendee List 


Addressees: 
EE71'Mr. Wojtalik 
ECOl/Mr. Moore 
EDOl/Dr. Lovingood 
EDOl/Dr. Worley 
ELOl/Dr . Thomason 
EPOl/Mr. MeCool 


ACDS Team Members; 

EC21/Dr. Doane 

ED22/Mr. Green 

EL04/Messrs. Hlght/Cox 

EF15/Messrs. Rowe/Collins 

EP24/Mr. Lee Jones 

ED12/Mr. Kennel 

EC13/Mr. Milner 

ED12/Mr. Shelton 

EL54/Messrs . Singley/Craighead 

EC22/Mr. Sims 
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Attendee List — Nov. 11, 1976 


C. L. Collins 
L. W. Jones 
H. F. Kennel 
G. R. Sims 
R. W. Milner 


R. J. Rowe 
G. B. Doane, HI 
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APPENDIX K 


MEMO ED 12 -76-66, SELTZER TO WOJTALIK, DATED 
AUGUST 27. 1976, SUBJECT: "INTERIM 
REPORT OF HEAO-B ACDS REVIEW TEAM" 
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National Aeronautics and 
Space Administration 

GcorooC. Marshall Space Flight Cornier 
Marshall Space Flight Center. Alabama 
3SB12 




RaplytoAiinel: £012*76*66 


August 27, 1976 


TO: EE71/F-. Wojtalik 

FROM; EDI 2/S. M. Seltzer, Systems Dynamics Laboratory 

SUBJECT: Interim Report of HEAO-B ACOS Review Team 


.Or 


k 


The purpo^^e of this memorandum is to summarize accomplishments of the 
HEAO-B ACDS Review Team and to indicate our intentions for future _ 
accomplishments. You should have been receiving on a regular basis 
copies of the minutes of each meeting. We hope this memorandum will 
provide you with an instrument to advise us of any recommended 
alterations to our approach in a sufficiently timely manner that we 
can implement them. 


You recall that, in the interest of expediency, I took the liberty 
of convening the first meeting of the Review Team on July 23, 1976 
the absence of written direction (End 1). The team consists 


in 


of 


essentially the same membership as the HEAO-A ACDS Review Team, 
representing each of the pertinent S&E organizations (Enel 2). In 
addition, Bob Wolf (EE71) and C. D. ("Doc") Carlile (HA23) have been 
invited to participate in our meetings. Bob has been participating ^ 
vigorously and has been of great assistance to the team; Doc Carnle s 
attendance and participation has been sparse and limited. 


In the absence of a crisp, precise statement of the team's mission from 
management, the team generated a team charter (End 3), 
the team composition, the team mission, and the ACDS. I reiterate here 
that we excluded the ground attitude determination system for the reasons 
I set forth in Enclosure 3'. 


A' summary of our accomplishments to date is set forth chronologically: 

t 

July 23: Initial organization and discussion of proposed mission, 

schedule, team composition. 

July 27: Review of HEAO-B ACDS and associated technical documentation 

by Dale Hoffman (TRW). 

July 29; Development of Review Team schedule to enable team to meet 
its COR obTlgation. 
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August 3 ; Presentation of HEAO-B ACDS 
specifications by Bob Wolf (EE71). 


requirements and 


2 


„ ^ Presentation of HEAO-B activation events by 

Maurice Singley (EL54). ' 


August IQ s -Final review of team charter. 
CEI specs. 


Review of ACDS and 


August 12 ; Report on HEAO-B pointing, 
management by Hans Kennel (EDI 2). 


maneuvering, and momentum 


August 17 ; Report on HEAO-B ACDS hardware (Rate Gyro Assembly. 
Reaction Wheel Assembly and Electronics, and Star Tracker) by- 
Dr. Doane (EC21) and Bob Sims (EC22). 


August 19 : Report on 
modes by H. Shelton (EDI 2). 
(EF15). 


-B ACDS G&C laws, stability, and flight 
Report on associated software by Bob Rowe 


August 24: Report on HEAO-B RCS and its effects on the ACDS by 
Lee Jones (EP24). Report on HEAO-B Electrical Subsystem and its 
effects on the ACDS by Bob Milner (EC13). 


August 25 : Report on criticisms being levelled against HEAO-B 
ACDS from a targeting viewpoint by Tom Recio (EE71) supported by 
H. F. Kurtz (ELll). j 


August 26 : Report on critical single point failures that potentially 
could affect the HEAO-B ACDS by Nancy Milly (EL54). ^ 


In addition to the presentations outlined above, certain action items 
have been levied, worked on, and— in some cases— completed (Enel 4). 

Scheduled future activities are outlined bJlow: 

August 31 : Report on concerns associated with HEAO-B flight software 
by Hermon Hight (EL04). Report on requirements imposed by scientific 
experiments by Jim Powers (HA24), If time permits (since this was 
rescheduled from August 26 due to illness), a report on ground-generated 
Information used by the HEAO-B ACDS by Maurice Singley (EL54). This will 
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be followed by a telecon between interested S&E members and TRVi to | 
define and tear away the existing confusion and misunderstanding | 
concerning reaction wheel dynamic models. | 

September 2 : . Discuss drafts of preliminary RID's prepared for I 
the COR. ^ ^ 

I 

The remainder of the time before the CDR will be ustj to prepare | 
RID‘s for the CDR and to begin work on the Team's Final Report. It I 
is anticipated that one day during the week of September 13, Dale Hoffman | 
and Dick Rose (both of TRW) will present a pre-COR to the team, similar | 
to the pre-PDR's and pre-CDR they presented to the Pointing Control Systems ^ 
Branch (ED12) in the past. This will enable the team to more efficiently | 
organize and — in many cases — obviate the RID's. I 

I 

After you have had an opportunity to read tiiis document, I would like I 
to talk to you and schedule a presentation by you to the team. We J 
are interested in the status of the HEAO-A ACDS Review Team s findings i 
and would appreciate your advice concerning our forthcoming report, j 



Chairman, HEAO-B ACDS 
Review Team 

Enclosures i 

. ■ ■ ! 
Gc: ' 

ECOl/Mr. Moore 
EDQl/Dr. Lovingood 
EDOl/Dr, Worley 
ELOl/Dr. Thomason 
EPOl/Hr. McCool 
ACDS Team Members 
EC21/Dr. Ooane 
ED22/Mr. Green 
- EL04/Messrs. Hight/Cox 
• EFl 5/Messrs, Rowe/Collins 
■ EP24/Mr. Lee Jones 
EDI 2/Mr. Kennel 
EC13/Mr. Milner 
EDI 2/Mr, Shelton 
EL54/Messrs. Sirigley/Craighead 
EC22/Mr. Sims 
EE71/Mr. Wolf 
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Goorgo C. Morshnil Spaco Flight Contof 
Marshall Space Flight Center, Alabama 
... 3S812 .... 1 1 ■ • 




. tapir MAMnafe ED12'*76*58 


July 26, 197ii 


TO: EE71/F. S. Wojtalik 

FROM: EDI 2/S. M. SeUzer, Systems Dynamics Laboratory 

SUBJECT: Formation of HEAO-B ACOS Review Team 


■ - Because time before the HEAO-B ACDS CDft is short, I have taken the 

. liberty of convening the first meeting of the HEAO-B ACDS Review 
Team. I have acted on oral direction which I assume will be augmented 
by written direction. 

— At the first meeting (July 23, 1976) I presented the material I hejve 

'enclo'sed hereto. -I. need to verify with you my assumed team mission 
— ^ ^ et al. There were a few changes in the composition of the review. 

team. I assume you will ask the Laboratory Directors to name the’ 

• team members they desire.. 

' I have asked Dale Hoffman to make a presentation to. the review team 

. . on Tuesday, July 27. He plans to give us a. technical description of 
V ■.'•'7’ ; the HEAO-B ACDS, define the pertinent available documentation," and 
• 7 ■ ’ tell us that pertinent documentation that is forthcoming (and when). 


i* 





. • .y i fy 




.4 > , 


Sherman M. 

Chairman, HEAO ACDS 

Enclosure 
As Stated , . i r 


:DS Review Team 

''.f ’ ' . ; 

V'* ' ‘ ‘ ' y 
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Ri,;:.. Or.r.iur ' 

M;i.;5!ia!l Sp;ic<> FlkjhiCcnujf, Alaba»na 
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1:012^^76-62 


mg 1 2 Birg , 


'TO; Etyi/Frcd Wojtallk , ^ 

FROM: ED12/S. M. Soltzer. Chaiman, HEAO-B ACDS Rc'/kw Team 

SUBJECT: HEAO-Q ACDS Review Team Charter 



Enclosed is the charter for trj ilEAO-D ACDS Reviev/ Tean ha- ' 
been praoarec; by the in un tr. c.-f" ly ' 

tuc nGn V LDu c c.r.ii - ;j , j , '’.•“cj v^'- -''’j*' 

the cround a'l^'cltuce detGivrir.cVcion sy^'iiar:'!. ''•■■- 
0enGrated„on the ero'nnd is C'^rv 


r. 


ow Tean. 

It hat ' 

vM iy 

•. .i i i 

otfato dur 

1 n or 



no t. 

• -'OK 

in: 



ir.vGrr.fation 

w 1 

f « 

C ( w 

r.e ehartj.r) 


/.e fa ISO ai:,au,i tnat tirr.s 


particularly ahorny proo ie;:i separa uily. fa,.w 
CXI SIS uo cops with thai: pnobltm avesr tha HE>^.C-D CD?.. 

want to parpetuatG a rsvlsv.- team after the CDR. We reGcrr'^nc 
^.iat you eecsni-nne what items or subsyote.r:S ;you wish reviewed fsuch as 

and that task agreements be developed for 
the Si.E laboratories to support such efforts. • 


7 


.1 


Snerman M. Seltzer 
‘ Chairman, HEAO-B ACDS 



, Review Team 

, Enclosure 
Charter ■ 
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AufjUit 12, 1976 


HEAO-B ACDS REVIEW TEAM CHARTER 


A team composed of members of the Data Systems iLaboratory, the 
Electronics and ‘Control Laboratory, the Systcins] Anij lysis and 
Integration Laboratory, the Systems Dynamics Laboratory, aod the 
Structures and Propul si on. Labora’tory has bom conver.cd to reviev/ 
the HEAO-B Attitude Control and Determination System (ACDS). The 
team is entitled the "HEAO-B ACDS Review Team." 


The mission of the team is to discharge SAE's ACOS Critical Design 
Review (CDR) re 5 ponsibi lity to assess as a teai/. the HEAG-B ACDS 
! technical adequacy and identify any potential or existing inadc-quacies. 

Th'is will be implemented by performing an in-depth review of the HEA.O-B 
; ACDS design. Tins mission m.iv/ bo defined as consisting of three steps: 


1. Determine the ACDS performance. 

« 

2. Determine if that performance meets the ACDS subsystem 
specif iea'tion (assumed to be a specification developed by TR'./ to meet 
the MSFC-developed CEI specification), and if not v/nere it fails. It 

•also is assumed that the ACDS subsystem specification is SS7-29, Rev. A, 
dated January 6, 1976; release dated March 17, 1976; configuration and 
data manj^gement dated March 22, 1976. | 

3. Determine if the TRV/-devel oped ACDS subsystem specification 
• meets the CEI specification (Hzt-72 M 10067, Rev. A, including 

. Change 15 dated April 29, 1976). Where discrepancies exist, they v/i'il 
be listed and defined in the Review Team's Final Report. 

. The team will perform this mission in time to participate in the KEAO-B 
;.’.'ACDS CDR (presently scheduled for September 21-22, 1976 at trv,’). 

' Appropriate "RID's" vnll be prepared before the CDR takes place. 

•; Immediately thereafter the team will prepare a report describing its 
•findings, including a description of the team's interaction in the COR; 
submit the report to Mr. Fred Vlojtalik; and disband. ‘ 

• The flight software (i .e. , the software included in the on-board computer)* 
. win be investigated only to the flow ohart level. The flight hardware 
! will be investigated at least to the block diagram level. 'Because block 
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I 


diagrams can be to varying degrees of detail, the concorned tcara 
..member Killl determine the level of detail on a case-b^^e^Ie has?s.' 

tioiis 

win meet the ACDS subsyston 

• “^■‘^'ivation and durinfj all operiitionai 

modes defined in the Ccl speciviatlon. •^«.iunai ^ 


!■ ACDS iter;i— software, hardv/are, or ‘ 

anaii 1,1 cal --that causes i:ne ACDS not to meet the ACDS subsystcifl 

^ o>* during any of the operational 

mooes dcimed in the CE!I specifications. 

review team's purposes, the ACDS shall be 
’" follow?ng° ^ spacecraft-borne system that includes the 

rogulred'io impllmonr^om?^ 

The on-board Implementation of the pointing, maneuvering. 

, and momenLum unloaoing schemes and the required associated on-board 
software and hardware. . 

i:Raaction'whoI?^L‘^Ll?^f!SAS!'lcJ?;^nT^^ 

i ’ ri 4. 4 portions of the Reaction Control System (RCS) and the 

.-Electrical System that interact with or otherwise affect the ACDS. 

. . The ACDS shall not include the ground software, 

V' nr 4.^*?® ground-generated information (e.g,, tv/o sets of quaternions, 

'■ . T-matnx, RW matrix, target and maneuver information) used by the 

A' properly and correctly determined and communicated to 

'■’' the ACDS,*'-. . ■ . : . , • 
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g. That telcr.wtr‘y associated vnth the ACOS s'nan tiCi fe/duded 
from this review. It is assymed, to niceL ilia re(|uircn;QfiU tot forth 
by those who need AGDS data. ]! • 


' 0 / . ^ 1 ^ 7 * 

. Shemaii M. Seltzer ' > 
; Chairman, HEAO-B ACDS - 
Review Team 
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C71 


^tCANUAllOMt 

SYSTEMS DYNAMICS LABORATORY 

POINTING CONTROL SYSTEMS 
BRANCH 


NO. 


XB. 


i 


MARSHALL SPACE FLIGHT CENTER 
ACTION ITEM LOG 


MAMl. 


H. SnTTFR 




■ ITEM 

ASSIGNED TO 

DUE DATE 

DISPOSITION 

PREPARE STRAW HAN SCHEDULE. 

C. GREEN 

27 JUL 76 

DISTRIBUTE 27 JULY. 

COMMENTS ON ORGANIZATIONAL 
MATERIAL FROM JULY 23. 

ALL MEMBERS 

27 JUL 76 

COMPLETED 27 JULY. 

CONTACT HEAD PROJECT OFFICE 
FOR PROPOSED 3 AUG PRESENTATION 
ON ACDS REQUIREMENTS AND SPECS. 

C. GREEN 

27 JUL 76 

BOB VfiSLF WILL PRESENT 
ON 3 AUG 76. 

SET UP PROPOSED 10 AUG PRESENTATION 
OF EXPERIMENT REQUIFi'EHENTS UPON 
AGOS (BY SAO?) 

B. WOLF 

27 JUL 76 

BOB WOLF SEHING THIS 
UP. 

OBTAIN LATEST HEAO-It CEI SPEC. 

C. GREEN 

ASP 

C. GREEN REQUESTED 
COPIES FOR TEAM. 

OBTAIN LATEST 

B. WOLF 

5 AUG 76 

B. WOLF OBTAINED 

ACDS SUBSYSTEM SPEC. 



SPEC. ■- 

CONTACT PROJECT OFFICE AND CHIEF 
ENGR’s OFFICE FOR REPRESENTATIVE 
AT EACH MEETING. 

C. GREEN 

ASP 

BOB WOLF, DOC CARLILE. 
INVITED. 

CONTACT WOJTALIK'S OFFICE FOR 
APPOINTMENT TO DISCUSS MISSION, 
SCOPE OF TEAM ACTIVITIES. 

C. GREEN 

ASP 

MEETING TOOK PLACE 
WEDNESDAY, JULY 28. 

$ 

LOCATE HEAO-B ACDS PERTINENT 
DOGUHENTATION, USING HOFFMAN'S 

C. GREEN 

ASP 

■ DOCUMENTATION LOCATED. 

LIST. 

/' 



SUGGEST THAT TOM GUFFIN PARTICIPATE 
IN REVIEW TEAM MEETINGS; DISCUSS 
H/LLOYD STONE. 

M. SINGLEY 

ASP 

REP FROM CAUSEY'S 
ORGANIZATION INVITED. 


(ALL ACTION ITEMS COMPLETED ON THIS PAGE) 
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SYSTEMS DYtJAMICS LABORATORY 

POINTING CONTROL SYSTEMS 
BRANCH ^ 


MARSHALL SPACE FLIGHT CENTER 

ACTION ITEM LOG 
{CONTINUED) 


RECOMMEND HOW BEST TO INCORPORATE 
ON-BOARD UPDATE (AND INTERFACE) 

OF ACDS BY STAR TRACKER. 


DETERMINE HOW BEST TO SCHEDULE 
HARDWARE {ST. RGA, RW's) REPORTS. 


PREPARE PROPOSED TEAM CHARTER. 

ATTEMPT TO OBTAIN CDA-RELATED 
CHANGES OF PRELIMINARY DESIGN 
AUDIT FOR OPA SOFTWARE AND 
ENSURE THAT TEAM HAS LATEST 
SOFTWARE REQUIREMENTS. 

REVIEW CEI SPEC AND PREPARE 
LISTS OF REQUIRED CHANGES. 


ASSIGNED TO 

CRAIGHEAD/ 

KENNEL 


SaTZER 

HIGH! 


DETERMINE REASON FOR x-y 
PUWJE CONSTRAINT OF 
OF THE SUN LINE. ” 


B. WOLF 


V — 


S. H. SaiXER 


AUGUST 26. T976 (REVISB)) 


DISPCSITION 


IKTERfACE DEFINED 
AGREr£0 UPON BY 
CRIAGHEAO/KENNa: 
GROUND SENDS UP (TO 
ACDS) 2 SETS OF 
QUATERNIONS. 

PLAN TO REPORT ON ALL 
ACDS HARDWARE AT ONE 
TIME (19 AUG) UNLESS 
aYDE JONES DEMURS. 

REVIEWED & DISTRIBUTED 

COMPLETED BY MEMO. 


aOSED. REASON— TO 
OBVIATE NEED FOR A NEW 
IMERHAL ANALYSIS. 



iss RiiJTr?Tib 




O' 

a 


0i6ANl£All0Mi 

SYSTEMS DYNAMICS LABORATORY 

POINTING CONTROL SYSTEMS 
BRANCH 

MARSHAL. «PACE FLIGHT CENTER 

ACTION ITEM LOG 
(CONTINUE)) 

1 

MAIAIi 

S. H. 

SaTZER 1 

Mil 

AUGUST 26, 1976 (REVISED) 

NO. 

■ ITEM 

ASSIGNED TO 

DUE DATE 


DISPOSITION 

17. 

DETERMINE MOMENTUM VS. TIME 

H. KENNa 




AWAITING MOMENTS OF 


ANALYSlS/SIHULATION STATUS, 

• 




INERTIA. 


PAYING PARTICULAR ATTENTION 


' 



t 


: TO "LAZY SUSAN" 

AND ANY X-AXIS 




• 



ATTITUDE POINTING REQUIREMENT. 

' 




I 

IS. 

SET UP BRIEFING (NANCY HILLY) 

H. SINGLEY 

12 AUG 76 


TOOK PLACE 


ON FHEA AND SINGLE POINT FAILURES 





26 AUG. 


FOR 26 AUG. 

- 

■ 




f 

a. 

CONTACT F. WOJTALIK: WHY DOES RECIO 

SELTZER 

12 AUG 76 


BRIEFING SCHEDULED 


STATE ACDS PERFORMANCE UNACCEPTABLE? 





FOR 25 AUG 76. 


ESTABLISH BRIEFING FOR TEAM. 

. 




- 

20. 

OBTAIN MASS DISTRIBUTION/HOMENTS 

B. WOLF 

ASP 



. 


OF INERTIA FOR ' 

LAZY SUSAN" FOR 







HANS KENNEL. 


' 





n. 

OBTAIN MOMENTS OF INERTIA OF 

SIMS 

ASP 



^MOTOR'S g™ cm^ (NEG- 


MOTOR/GEAR TRAIN FOR HANS KENNa. 





LIGIBLE) 








iGEffi TM,« 

2^, 

SET UP PRE>CDR BRIEFING ONE WEEK 

S. WOLF 

ASP 




PRIOR TO CDR. 

• 






23. 

TAKE STEPS TO ENSURE TIMELY 

B. WOLF 

ASP 



% 


RECEIPT OF COR DOCUMENTATION, 







i.»., TWO WEEKS PRIOR TO CDR. (6 SEP 

76) 





24. 

SET UP TELEGON to verify UNDER- 

sm 

ASP 



SCHaULED FOR 


STANBING OF TRW’ 

s RU MODEL {TRW 





10:30 a.m. ON 

-■ 

MEMO HEAD 74-460-209). 

t 

1 




31 AUG 76. 


t*?V 




I»l M I ’■ t-i ■■ ’, . 




\ 
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SYSTEMS DYfWMiCS LABORATORY 

POINTING CONTROL SYSTEMS 
BRANCH 


marshall space flight center 

ACTION ITEM LOG 
(OKTINUED) 


' ASSIGNED TO 


25 DISCUSS JITTER 

“* requirement WITH SAO AT MEETING 

TO BE SCHEDULED. 


26 DETERMINE NSA AND ESA DESIGN SHELTON 

VERIFICATION RATE REQUIREMENTS. 



RESOLVE QUESTIONS CONCERNING SIMS 

accuracy and RELIABILITY NW3ERS 

PRESENTED AT HEAO-B PDR FOR 

z-SUN SENSOR. 

CHANGE TITLE OF 3d DAY OF CDR TO WXF 
REFLECT IT IS SOFTWARE. 

ENSURE TRW ALLOTS SUFFICIENT WOLF 

TIME TO COVER SOFTWARE IN DEPTH, 

rHY MUST COMHENTS^ON JWO-A' TEST WOLF 

RESULTS BE SUBMITTED BY 1/ SEP? 

ESSgE DUE DATE TO AFTER HEAO-B 

COR. 

t2a*»'T REPORT ON REVIEW OF HEAO-A SHELTON/COX 

^ RESULTS DOCUMENTATION. 

HOW MANY MANEUVERS PER TIME PERIOD MILNER 
IS POWER PROFILE BASED ON? 

WAS HEAO-A REVIEW TEAM'S ^ 

RECOHMENDAT ION ON ™ 

SWITCHOVER CRITERION ACCEPTED? 






I 


[n*mi« 


OtOA><*tAflONi 

SYSTEMS DYNAMICS LABOflATORY 


-POINTING CONTROL SYSTiEMS 
I ^ BRANCH 


NO. 


HEM 


MARSHALL SPACE FLIGHT CENTER 

; ACTION ITEM LOG 
(CONTINUED) 


ASSIGNED TO 


34. 

SET UP PREScNTATIGN BY HOJTALIK 
ON DISPOSITION OF HEAO-A REPORT. 

SELTZER 

35. 

DETERMINE PREVIOUS ELECTRICAL 
CONNECTOR EXPERIENCE w.r.t, 
FAILURES. 

WOLF 

36. 

DETERMINE IF HEAD TRANSPORTED 
HORIZONTALLY TO Cr'PE AND 

JONES 


DETRIMENTAL EFFECTS ON RCS. 


S. H. SELTZER • 

MTf» 

AUGUST Z6> 1976 (RAISED) 
DUE DATE DISPOSITION 


\ 
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APPENDIX L 

MEMO ED 12 -76-87, SELTZER TO WOJTALIK, DATED 
OCTOBER 13, 1976, SUBJECT: "REVIEW 
OF HEAO-B CEI AND ACDS 
SPECIFICATIONS" 
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t RECEDING PAGE BLANK NOT PILME® 


flipty to Attn ot: 


I 


I 


National Aeronautics and 
Space Administration 

George C. Marshall Space Right Center 

Marshall Space Flight Center, Alabanrta 
35812 




EDI 2-76-87 October 13, 1976 

TO: EE71/F. Wojtalik 

FROM: EDI 2/S. M. Seltzer, Systems Dynamics Laboratory 

SUBJECT: Review of HEAO-B CEI and ACDS Specifications 


The HEAO-B ACDS Review Team has completed their review of the HEAO-B 
CEI Specification and the HEAO-B ACDS Subsystem Specification. Our 
comments and recommended corrections are documented as Enclosures 1 
and 2, respectively. A major portion of the review effort has been 
to make the two specifications compatible. Hence, the two enclosures 
are closely correlated and should be handled as a package rather than 
separately. It Is Imperative that action be taken to Incorporate the 
recommended changes Into the existing specifications Immediately, for 
many of our comments for the HEAO-B ACDS COR assume corrected speci- 
fications. 

Sherman M, Seltcer 
Chairmsn, HEAO-B ACDS 
Review Team 

2 Enclosures 
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ECO! /Mr. Moore 
EDOl/Dr. Lovingood 
EDOI/Mr. Sisson 
EOOl/Dr. Worley 
EDll/Dr. Blair 
ELOl/Dr. Thomason 
EPOl/Mr. McCool 
ACD5 Team Members 
EC21/Dr. Doane 
ED22/Mr. Green 
EL04/Messrs. Hight/Cox 
EFl 5/Messrs. Rowe/Col 11 ns 
EP24/Mr. Lee Jones 
EDI 2/Mr. Kennel 
EC13/Mr. Milner 
EDI 2/Mr, Shelton 
EL54/Messrs. Singley/Cralghead 
EC22/Mr. Sims 
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Page 1 of 3 



RECORD OF COMMENTS ON PUBLICATIONS 

DATE: 

September 15, 1976 

subject. 

72M10067 HEAO-B Observatory System Specification 


revision notes FROM: \ 

HFAn-B AGDS Review Team (S. M. Seltzer, Ghairman) 


ITEM 

NO. 

PAoe 

PARAaHAPH LINE* 

COMMENT (Evict wording of ficommifidM ctiingi muit b* glwtn) 


5 

6 

7 

8 

9 

10 


11 

12 

13 

14 

15 


2-1 


2- 5 
2-11 

3- 2 

3-1 

3-2 

3-1 

3-2 

3-2 

3-2 

3-2 

3-3 


2.1 

2.3.2 

2. 3. 6. 6 

3. 1.1. 1.2 
3. 1.1. 1.2 

3. 1.1. 1.2 
3. 1.1. 1.2 

3. 1.1. 1.2 

3. 1.1. 1.3 

3. 1.1. 1.3 
3. 1.1. 1.4. 


8 

IfoVg 


3-3 

3-5 

3-17, 

3-18 

3-21 

3-31 


13 
1 
7 
2 

10-11 


13.1.1.1.4. 
3. 1.1. 1.7 

3. 1.1. 2. 3 


3. 1.1. 2. 5.1 

3. 1.1. 2. 5. 2 


nUn vwppiiedDic wwtrumenua amuca/ an v vt 

should list the specific Issue of any applicable document 
In effect for Contract NAS8-28300. The ACDS related 
documents are out-of-date as listed in HOM 4222.1. 

Add document discussed in item 8 to list of documents. 

Replace TBD with "D01137." Add "DO! 140 Preflight 
Interface Software . " 

Add Normal Sun Acquisition and approoriate description. 

In general the mode definitions are incompatible with 
those contained in the ACDS subsystem spec. The CEI 
spec should be made compatible with the ACDS subsystem 
spec definitions. 

Change sentence to read: The principal operations, are: 

Change Point Mode to read Pointing . 

Change Failure Mode to read Failure Accommodation . 

Replace 72M100^with correct number, i.e., HEAO Opera- 
tions Control Center Document. Add this document to 
paragraph 2.3.2, page 2-5. 

Delete last sentence of para. ("A high rate... is provided.|") 

The inertia data is different from both that which TRW Is 
using and that on p. 15, ACDS subsystem spec. Different 
numerically, different with report to times Inertias are 
measured, and Jifforent in that CEI spec does not include 
cross product moments of Inertia. Recorrmend nunieriGal 
values be omitted from CEI spec (too much detail). 

The beginning of this paragraph ("Communications") is 
[missing, apparently a typing omission. 

Replace TBD . 

These pages (and their Gontentsl e.g. subsystem grounding) 
have been omitted. 

Replace six TBD ' s ■ 

These two sections are incorrect. Replace with section(s) 
compatible with ACDS subsystem spec (e.g. para. 3.3.2 
Operational Modes and Conditions ) as modified by HEAO-B 


• R(f«r>n» to tin* numlior within tht p»r«.rtph er iut>p«r»gnph. 


IaCDS Review Team reconmendations. 


MSrC.Foimll.t (AufUitlHI) 
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RECORD OF COMMENTS ON PUBLICATIONS 


September 15, 1976 


suaj£CT$ 


72M10067 HEAO-B Observatory System Specification 


neVtSION NOTES FROMi 


ITEM 

NO. 

PAQE 

paraorafh 

UNC* 

COMMENT (EMCt wording of rocommondod ehingt muit M givgn) 

16 

3-33 


9 

Insert the following sentences before the last sentence. 
Rotation about the x axis shall be less than 1®. 

17 

3-33 

3. 1.2. 5. 2.: 


It is not apparent how the verbage In the CEI spec sectlor 
led to the requirement stated in the last sentence of 
para. 3. 3. 2. 3 of the ACDS subsystem spec. 

18 

3-22 

3.I.I.2.5.! 

.4 6 

Define TBD. (Error allocation to experiment sensor syster 
for attitude determination purposes). 

19 

3-34 

3. 1.1. 2. 5.: 

.2.4 

2 

Correct the value shown (150.000 gauss-cm ). 

20 

3-34 

3. 1.1. 2. 5.: 

.2.5 

Add a new oaraoraDh entitled Moving Masses. Describe 
disturbances and perturbations caused by moving masses 
(FPTA, etc). Specify limit of these disturbances. 

21 

3-34 

3. 1.1. 2. 5. < 

.2 1 

Delete words of two years. That shelf life may not be 
sufficient for HEAO-B (Example: DPA may be 2 years old 
when launched). 

22 

3-35 

3.1.1.2.5.C 

5 

Soell accomplished correctly. 

23 

3-35 

3.1.1.2.5.8 

.1 

Replace TBD with "001140." 

24 

3-35 

3. 1.1. 2. 5. £ 

.2 5- 

i Change last sentence to; "Specific requirements of the 
flight orogram are contained in D01137 and of the 
emergency mode are contained in SS7-29." 

(Reason; Replaces TBD.) 

25 

3-37 

3.1.1.2.6.T 


Ensure that modes named are consistent with those 
discussed in Item 15 (above). 

26 

3-37 

3. 1.1. 2. 6. 2 

5 

(Subpara c). Change 60 lbs to 40 lbs. 

27 

3-37 

3. 1.1. 2. 6. 2 

7 

(Subpara d). Change 50 mill second to 40 mill second. 

28 

3-39 

3. 1.1. 2. 6. 3 


Texcept that proQf pressure test values for lines and 

fittings shall be'^1 .5x,maximum operating pressure, to be 
consistent with the value for pneumatic pressure vessels. 

29 

3-49 

3.1.1.2.12. 

I 3 

Replace TBD with "001276." Add to paragraph 2.3.6.10 

(p. 2-12). 

30 

3-53 

3. 1.2. 8 


On-orbit induced environment is not covered, i.e., venting 
experiment motion, etc. (See para. 3.1 .1 .2.5. 3. 2, 
page 3-33), 


• flfNr«r>ct lo llM numbtr wtmm ptfwpn ot subMfftjriph. 


Marc-Ponuuei (Autu«ufii> 


dbiginab page is 

05] POOR QUALITY 
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RECORD OF COMMENTS ON PUBLICATIONS 


Page 3 of 3 

DATE; 

September 15, 1976 


72M1 0067 HEAO-3 Observatory System Specification 


Re vrstON NOTES FROM: j X 

HEAO-B ACDS Review Team (S. M. Seltzer, Chainnai.J 


ITEM 

NO. 

page 

PAAAOftAPH 

^1 

3-54 

3. 2. 1.2 

32 

3-54 

3. 2. 1.3 

33 

3-54 

3. 2. 1.4 

34 

3-56 

3. 2. 2.1 

35 

3-58 

3. 2. 2. 2. 4 

36 

3-59 

3.2.4 

37 

4-2 

Table 4.1 

38 

4-5 

Table 4.1 

39 

4-19 

Table 4.1 

40 

4-19 

Table 4.1 

41 

4-20 

Table 4.1 

42 

4-20 

Table 4.1 

43 

4-35 

Table 4.1 

44 

4-37 



Last 


11 


COMMENT (Ex4Ct wording pf r«camm*ftd«d muii b* slvbd) 


Is NASCOM going to support the mission instead of STON 
Us indicated in the text)? If so, need to reference 
explanatory document. 

Define TBD (72M100^) for HEAO OCC specification. Add 
to para. T. 3. 6. 6. 

Define TBO . 

Define TBD . 

Add software documents - D01137, Flight Program and 
001140, Preflight Interface Program. 

Add new paragraph: 

3.2.4 Other 

D00906 ICS/EXSE Telemetry and Coirmand 
D01276 IGS Software 

Relocate the title so it can be seen {it is in margin and 
cannot be read without removing staples from C£) spec). 

Add note: "R - See Remarks column." 

Correct mode names to be compatible with ACDS subsystem 
spec as modified by HEAO-3 ACDS Review Team recommendat1oi| 

Change 0.1 deg/sec to be compatible with ACDS subsystem 
spec as modified by HEAO-B ACDS Review Team recommendatioijs. 

Add "jitter" requirement to be compatible with ACPS sub- 
system spec as modified by HEAO-B ACDS Review Team 
recommendations. 

Same remark as Item 39 (above). 

Add items h) anv- i) to include comnents of Items 35. 36 
(above) . 

Add new para. 3.2.4 entitled Other exactly like conment 
of Item 36 (above). 


♦ RM«nnu to Iloo numMr within tho gtrtfriPlr or »ubii»rMf«ph. 


Msrc-Fonilltl (AurutlMt) 
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Page 1 of 4 


□ ATE: 

RECORD OF COMMENTS ON PUBLICATIONS September 15» 1976 

SUBJECT: 

Subsystem Specification - ACDS HEAG-B (SS7-29A) 

«ev)SIO« NOTES FROM: 

S. M. Seltzer, 

HEAO-B 

ACDS Review Team 

ITEM 

NO. 

PAGE 

I 

PARAQRAPn 

UNE* 

COMMENT {Exact warding of raeomrhandad etitfiga must 6a givan) 

1-1 




Need to add a preface {in some form). In 1t there Is a 
need to clearly define the probabilities used in the spec, 
including over what time duration the probabilities state 1 
arj applicable. These definitions must be used uniformly 
throughout the specifications. The manner In which TRW 
will verify these probabilities must be defined. These 
probability definitions must be used uniformly throughout 
the other applicable HEAO specs. 

2 

3 

2 


Change last item from TBS to 001137. 

3 

3 

2 


Add new Item: D01138 - ACDS HEAO-B Preflight Interface 

Program Requirements Document. Also add documents 
referenced in Item 22 (below). 

4 

4 

3.1 


Change quantities of DPA's from one to two. 

5 

4 

3.1 


Change last item from TBS to 001137. 

6 

4 

3.1 


Add new item; same as Item 3 above. 

7 

5 

F1g. 3.1 


Add (2) under block title: Transfer Assembly. 

8 

5 

Fig. 3.1 


Add (2) under block title: Digital Processor Assembly. 

9 

7 

3.1.9 

2 

Change to "....data processing, mode control " 

10 

8 

3.1.10 

1-2 

Change "refer to" to "referred to as" 

11 

10 

3.2.2 

4 

Change sentence to read "condition by ground command 
either from the OCC in real time or from the SCP." 

12 

10 

3.2.2 

4 

Follow above sentence (Item 11) with "The term ground 
command implies either immediate response or command that 
was stored and used later. 

13 

n 

3. 2. 2.1 

1 

Change first sentence to read: "....enter the Normal Sun 





Acquisition mode only upon cornmand, with initial entry 
based upon launch vehicle separation." 

14 

11 

3.2.2. 1 

4-5 

Change "sun point mode" to "Normal Sun Aequlsltion mode." 

15 

11 

3. 2. 2.1 

7 

Add: "When sunlight is not present, the ACDS shall cause 

the spacecraft to hold the attitude existing upon entry 
into the eclipse condition." 

16 

12 

3. 3. 1.1 

4 

Check correctness of "probability .99"; shouldn't it read 
"probability .997"? 

1 * R«rar«nc« lo lln« numbar wltbln tna paragraph or tubparagraph. 1 


^ tisrc* PoHD n«i (Aufuit iKt> 
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Page 2 of 4 


RECORD OF COMMENTS ON PUBLICATIONS 

DATE? 

September 15, 1976 

SUBJEGTi 

Subsystem Specification - ACDS HEAO-B (SS7-29A) 


REVISION NOTES FROM; 

S. M. Seltzer, HEAO-B 

AGDS Review Team 

ITEM 

NO. 

PAGE 

PARAGRAPH 

UNE* 

COMMENT {Exact wording of ricommandtd cninfla mu,l da glwan) 

17 

12 

3. 3. 1.1 

7 

"(30)’' is incompatible with stated probabilities. 

18 

12 

3. 3. 2.1 

4 

TBD needs to be defined for the minimum time in minutes 
that sunlight must be present for observatory to sun 
point successfully in Normal Sun Acquisition Mode. 

19 

12 

3. 3. 2.1 

7 

Chanoe last line to read: "be maintained comDatible with 



the star tracker spec." 


20 

13 

3. 3. 2. 2 

22 

Insert sentence before last sentence. The attitude about 
the x-axis shall be maintained within 1° (0.68 probability) 

21 

13 

3. 3, 2. 2 

2 

Add: "...from anv initial attitude and body rate 

compatible with those sp_ecified in the CEl spec so long 

22 

13 

3. 3. 2.2 

3 

as ... " 

Add to end of para: "This time accounts for worst case 





body rates as set forth in TRW Memoranda HEAO-75-460-21/ 





and HEAO-75-46Q-531 ." 


23 

13 

3. 3. 2. 2 

6 

Add to end of para: "When sunlight is not present, 

attitude control is inactive in the First Sun Acquisition 
Mode." 

24 

15 

3. 5. 1.2 

4-6 

Delete last sentence of para. 


25 

15 

3. 6. 1.2 

8 

Chanoe verbaoe to read: "...consist of an adequate number 


of modes. . . " 


26 

15a 

Table 3.1 


Where is referenced Fig. 1-37 If it exists, where then 
are F'g. 1-1 and 1-2? 

27 

15 a 

Table 3.1 


What is the usefulness of last three columns (apparently 
concerned with complimentary strips). 

28 

17 

3. 5. 1.6. 5 

4 

Change "thrust vector" to "spin axis." 

29 

17 

3. 5.2. 2 


Three TBD Vs need to be defined for number of telemetry 
words: analog, discrete bilevel, and digital. 

30 

IB 

3. 5. 3.1 

3 

Chanoe to: "...oulse commands of no less than 0.040 

second. ..." 

31 

18 

3. 5.4.1 


It no experiments contain fluid, 
if any experiment contains fluid 
significant dynamic effect." 

delete section 3. 5, 4.1; 
change "None" to "No 

32 

18 

3. 5. 4. 2 


Change title to "Disturbance Torques" 

« R«1ir 

■ncf to lin 



lUirc^rofmlfOl (AufU*i2Mf> 
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Page 3 of 4 


RECORD OF COMMENTS ON PUBLICATIONS 

□ATE: 

September 15, 1976 

SUBJECT: 

Subsystem Specification - ACDS HEAO-B (SS7-29A) 


] RE\ ISION NOTES FROM: 

1 S. M. Seltzer, HEAO-B ACOS Review Team 

ITEM 

NP. 

FAUE 

PARAGRAPH 

LINE* 

COMMENT (Exact wording of racommandad cmng« must f glvan) 

i 

33 

18 

3. 5.4. 2.1 


Add section 3. 5. 4. 2.1 entitled "Venting Disturbance 
Torques. " Use verbaqe of former 3. 5. 4. 2. 

34 

18 

3. 5. 4. 2, 2 


Add section 3. 5. 4. 2. 2 entitled "Experiment- Induced 
Disturbance Torques" and add verbage to cover disturbance 
torques due to FPTA and other experiment equipment motiors 
during orbital operations. 

35 


3. 5. 4. 4 

1 

Change "store" to "stored." 


36 


3. 5. 4. 4 

2-3 

Change to "...capability to store 
pre-selected targets." 

and maneuver to 14 

37 


3. 5. 4. 4 

4 

Change to "...orbit, with storage of at least 7 orbits 
in advance. . . " 

38 

39 

22 

24 

Table 4.1 

Table 4.1: 
3, 3. 2. 2 

22- 

27 

6 

Put table number on each page of the table. 

Change "jitter 1 §ec in'1 sec" to: 

"J1 tter 

about y, z-axis: 1 'SiX in 1 sec 





about x-axts: 20 in 

1 sec 1 

40 

28 

6.1.1 

4 

Change "Coarse sun sensing" to "± y-sun sensor assenibly." 

41 

28 

6. 1.1.1 

1 

Change "fine sensing portion" to 

"narrow angle portion." 

42 

28 

6. 1.1.1 

3 

Change + 3“ to + 30° . 


43 

28 

6. 1.1.1 

4 

Change "Coarse sensing portion" to "± y-sun sensor 
a.ssembl V. " 

44 

28 

6. 1.1. 2 

1 

Change entire line to read: "The output of the narrow 

angle sensing elements and the wide angle sensing 





elements,. . . " 


45 

28 

6. 1.1. 3 

1-2 

Same as Item 41 . 


46 

23 

5. 1.1. 3 

3 

Same as Item 43. 


47 

28 

6. 1.1. 3 

5 

Change "Coarse sensing function" 
assembly function." 

to "t y-sun sensor 

48 

28 

6. 1.1. 3 

7 

Change "ten degrees" to "3.2°." 


49 

29 

6. 1.1. 4 


6. 1.1. 4 Paragraph does not state which sensor, wide angl 
or narrow is being addressed. Values do not agree with 
equipment spec, suggest rewrite as follows: * 

1 * Rflfir«rie« to Mm numuf wJthm thf ptragrAph or lubpdfjgrdph. 1 


Marc - Fonn IPOI <Aunut ICC) 
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Page 4 of 4 


RECORD OF COMMENTS ON PUBLICATIONS 

DATE: 

September 15, 1976 

Subsystem Specifleation - ACDS HEAO-B (SS7-29A) 

REN/ISION NOTES FROM: 

S. M. Seltzer. HEAO-B ACDS Review Team 

ITEM 

NO. 

PAGE 

PARAGRAPH 

line * 1 COMMENT (Exact wordino of r«comm«nd*4 chino* muil bo blvon) 

50 

51 

52 

53 

54 

48-50 

33 

34-40 

H-47 

49 

49 

6.1.6 

6.2 

6.3 
6.4.1 

6.4.1 

6.4 

5 

*6.1.1 .4 Aeeuraey 

The detector functions shall exhibit the 
accuracies specified over the fields of view specified. 

*6 . 1 . 1 . 4 . 1 Wide Anal e Detector 

The null accuracy of the wide angle pitch 
detector and wide angle roll detector shall be within 
± 3.2° with respect to the subassembly optical axis. 

*6. 1.1. 4. 2 Narrow Ancle Detector 

Given the cross angle 6 (or .a), the angle a 
(or 6) shall be determinable from the calibrated output 
characteristic within the following accuracy: the 3a 
error In the indicated output shall be ± 0.6° + 10% of 
the true input angle within ± 20° of null and shall be 
less than ± 13% of the true input angle over the remainirg 
field of ± 30° each axis. The true input angle is definid 
with respect to the subassembly axes in the ZSSA equipmert 
specification. 

Make 20 in-oz of this spec and 17 in-oz of the hardware 
spec consistent. 

Boil this entire academically fascinating tutorial 
treatment down to just the requirements. 

Same as Item 51 above. 

Why separate columns for x, y and z? They appear 
Identical (except for one omissionT. 

Take another look at the entire table. Fill in the blanks 
or tell why they are left blank. Update it. 

Prepare a similar error budget for each of the modes as 
defined in para. 3.3 (as modified by this document), not 
just the attitude determination mode. The error budget 
should be separated into two classes: (1) subsystem 
performance specs, and (2) equipment ("block box") 
equipment specs. This section should constitute a 
summary that consists of a single place to look for any 
error source within the ACDS. 

* R«f«r 

•ncftto lln 

• numMr Within th 



MSFC-FamllOl (AUIUM Ittl) 
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APPENDIX M 

MEMO ED 12 -76-83, SELTZER TO WO JTAL IK, DATED 
OCTOBERS, 1976, SUBJECT: "REVIEW 
OF HEAO-B ACDS CDR DOCUMENTATION" 
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fltpiy le Attn of: 


National Aeronautics and 
Space Administration 

George C. Marshall Space Flight Center 

Marshall Space Flight Center. Alabama 
35812 




EDI 2-76-83 


October 5, 1976 


TO: EE71/F. Wojtalik 

FROM; EDI 2/S. M. Seltzer, Systems Dynamics Laboratory 

SUBJECT: Review of HEAO-B ACDS CDR Documentation 


The HEAO-B ACDS Review Team has completed its review of the CDR 
documentation. We have documented our comments and questions on 
the two sets of enclosures (Enel 1: ACDS CDR; End 2: Flight Program 
Requirements Document). I "Datafax-ed" Enclosure 1 to Dale Hoffman 
(TRW) last night. He telephoned me at home (per my request) to 
confirm that he received it. This will enable him 
our discussion at the pre-CDR at MSFC (MIC Room, Building 4487) on 

October 6-7. 


In approximately a week, you will receive our documented comments 
and corrections concerning the HEAO-B CEI specification and the 
HEAO-B ACDS specification. We are proof-reading them now. 



Sherman M. Seltzer 
Chairman, HEAO-B ACDS 
Review Team 


2 Enclosures 
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ECOl/Mr, Moore 
EDO! /Dr. Lov Ingood 
EDO! /Mr. Sisson 
EDO! /Dr. Worley 
EDI 1/Dr. Blair 
ELOl/Dr. Thomason 
EPOl/Mr. McCool 
ACDS Team Members 
EC21/Dr. Doane 
ED22/Mr. Green 
EL 04/Messrs. Right/ Cox 
EFl 5/Messrs, Rowe/Collins 
EP24/Mr. Lee Jones 
EDI 2/Mr. Kennel 
EC13/Mr. Milner 
EDI 2/Mr. Shelton 
EL54/Messrs. Singley/C-ralghead 
EC22/Mr. Sims 
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RECORD OF COMMENTS ON PUBLICATIONS 
HEAO-B ACDS CDR (26000-460-042, 19 October 1976) 

ME vrsTOK NfOTCS FROM: 

S. H. Seltzer, HEAO-B ACDS Review Team, MSFC 


Page 1 of 5 
°^c\ober 4, 1976 


PAQE 1 PARAQRAFH I LINE • 



COMMENT (Enict worOiAft of focommtndtd chtngt mgit bt fivOfi) 

Glossary Is incomplete (e.g., DHA, PSD, TRIU, NVE, et:). 

Add: "...on-board logic upon ei ther separation frofi..." 

Do you want co use the work "INSIPIENT" (as shown) or th» 
word INCIPIENT (different spelling, different meaning)? 

Is its use as an adverb modifying "catastrophic" thi* 
use you really Intend? 

Figure 2-1 does not Indicate Inputs to RSA 5 and 6 from 
non-essential bus power and switching comnands. No 
Inputs to RGAs from Transfer Assembly are indicated. 

What is the significance of dashed and solid arrows from 
Transfer Assemblies for Star Tracker control? 

Figure 2-2 is not labeled properly for RGA orientations. 
Also, it drss not show the angle between RW's and major 
axes of spaeseraft. 

last Question. Are narrow angle ZSSA sun aspect signals used 
actively In the on-board control, or only to augment 
ground attitude determination? 

6 Replace " sun point failure mode " with "first sun 

acquisition mode . " This should be done throughout the 
documentation. 

8 Question. What actions have been taken to assure correc ; 
telemetry signals, i.e., no inversions as received on 
ground? 

last Add: The present planned operation is to enter NSA via 
sent, command from the SCP before loss of tracking at Ascensloi 

CEI and ACDS subsystem specification ncmenclature mode 
should be made compatible. 

Comment: FSA is also initiated by LV separation signal. 

During pointing, the x-z plane is constrained to + 1® 
of the sun line. This should be stated. "" 

Star tracker data correction is done on the ground. 

When is the last possible date for defining operating 
characteristics and calibration data for the ST without 
impacting either the flight ACDS or the ground software? 


* A«fBrtfK« to iin« nu mbor v^lthln ttif iwinripb or iuftpityitfpn* 
^ Mirc-Fommi 
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Page 2 of 5 


RECORD OF COMMENTS ON PUBLICATIONS 

DATE: 

October 4, 1976 

SUBJECT! 

HEAO'B ACDS CDR (26000-460-042, 19 October 1976) 


REVISION NOTES FROMi 

S. H. Se1tzer» HEAO-8 ACDS Review Team, MSFC 

ITEM 

Na 

PAGE 


UNK* 

COMMENT (EMKt wordint Of rtcommondod cftanfo muit bt fivtn) 

15 

2-9 

1 

2 

Question. What Is the TRW rationale for not switching 
limedlately to FSA Instead of waiting for under voltage? 

16 

2-9 

2.2 

add 

Summarize LPL and when enabled so It all can be found 
at one location 1n documents. 

17 

2-10 


““ 

On this and all other such blank pages, the comment 
"INTENTIONALLY LEFT BLANK" should be placed. Otherwise 
the recipient might suspect a printing error. 

18 

2-11 

2.3 


When do we find out If the component specs are met? 
In several places TRW suggests need for more tests, 
(Example! App. E, memo HEAO-76-460-178, page 31). 

19 

2-12 



To what do the four asterisks refer? 

20 

2-12 



RW weight Is 30,. 5 pounds Instead of 29.5. 

21 

2-15 

5. 3, 4. 2 

7 

RGA assembly arrangement picture Is Incorrect. This 
Item was wrong 1n the PDR; we recomnended at that time 
that It be corrected; this has not been accomplished 
and Is still Incorrect! 

22 

2-15 



Spec Is stated Incorrectly, 

- 

22a 




Drift Characteristics: q-lnsensitive value should be 
5.0®/Hr InsteaTaTTro^/HR. 

22b 




Voltage Sensitivity: q-lnsensitive value should be 
O.or/HR/VOL'^. 

22c 




Magnetic Field Sensitivity: q-lnsensitive value should 
be 0.27HR MAX. 

23 

2-21 

— 

— 

RW weight is 30.5 pounds Instead of 29.5. 

24 

2-21 



0 Motor Torque: 17.0 In-oz. This Is the number we have 
recommended be standardized In the CEI and ACDS specs. 
However, it Is not the value used In a number of recen 
TRW memos. 

25 

2-21 



0 Tacbmeter Output: This value Is misleading and might 
lead the reader to assume a O.C. value, rather than 
pulses, as the output. 

26 

2-22 



Direction of arrow between Switching Regulator and Pulse 
Width Modulator should be reversed. 

1 * Rilir*nnHHIn«numB«rwtttMflttap*ras#tphor«ubpBrHfiiOR* 1 


tUFC> ram itai (Anwiat lttl> 
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Page 3 of 5 


RECORD OF COMMENTS ON PUBLICATIONS 

DATE: 

October 1976 

SUOiCGT; 

HEAO-B ACDS COR (26000-460-042, 19 October 1976) 


REVISION NOTES Ff^OM: 

S, M, Seltzer, HEAO-8 ACOS Review Team, MSFC 

ITEM 

NO. 

PAOE 

PARAORAPH 

LINE* 

COtxMENT <EHtet wording of rarommfnGod <h*nQ« muM 

27 

3-1 

3 

3 

Should Include all current SCN’s 
stopping at SCN 7. 

(SCN 15?) Instead of 

28 

3-2.3 



Define probability as It applies In each requirement. 
Make It a useful quantity. Insert an example. 

29 

3-3 



Define jitter per ECR submitted by the Pointing Control 
Systems Branch (EDI 2), MSFC. 

30 

3-3 

3. 1.1. 2. 5 

2.4 

What Is significance of two probability values and how 
Is each verified? 

31 

3-3 



Add a subparaqraph 3. 1,1. 1.2 - Performance point Mode: 
Sun line within 15® of S/C z-axls. The zx plane shall 
be within + 1“ of the sun line. 

32 

3-4 

...3.2.2 


Update Venting per SCN 9. the experiment venting gases 
total angular momentum < 500 ft-lb-sec. Instead of TBO. 

33 

3-4 

...3.2.3 


Update per SCN 14, separation rates, x- 1 ,l“/sec,axes 
perpendicular to x- 1.5®/sec. 

34 

3-4 

...3.2.4 


Change the value 150,000 gauss cm to correct one (see 
recommended spec changes from Review Team). 

35 

3-4 

...3.2.6 


Does "Provided;" refer to "no single point failures?" 

36. 

3-5 

. . .5.8.2 


Flight Program: Insert comma: " 

us^. 

. . .mode control^ not 

37 

3-S 

...5.8.2 


Flight Program: Define "emergency" mode. 

38 

3-5 

— 

— 

Power: Put a numerical value In 

rather than "TBD." 

39 

3-6 

— 

— 

SCN sunmary should Include at least SCNs 1-15 or later 
as appropriate. 

40 

4-1 

4.2 

last 

Question: Was ACDS changed to Incorporate automatic 
Initiation of NSA at separation? 

41 

4-2,-: 



Where omitted (such as In Action Items 6 and 7), 
suninarize the responses to each Action Item. 

42 

5-3 

F1g. 5-1 


How does one get from Mode F-1 to Mode 0 (off)? Which 
modes are Impossible to get to from which other modes? 
Identify what dashed lines signify. 

t 

1 * Haftrtnc* to iItm rtumbai’ within IM pftr*trsph or wDp*ra«raph. 1 


turc* rm litt imd 
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RECORD OF COMMENTS ON PUBLICATIONS 


uojrcti 

HEAO-B ACOS CDR (26000-460-042, 19 October 1976) 

REVISION NOTES FROMl ___ 

S. M. Seltzer, HEAO-6 AGOS Review Team, HSFC 


Page 4 of 5 

DAtt; 

October 4, 1976 


■Bsm 

PAQC 

PARAaRAPH 1 

43 

1 ■ 

5-4 

Mode 0 

44 

5-5 

Mode 4 

45 

5-9 

5.3. 1.1 

46 

5-8 

Table 5-2 

47 

5-10 

5.3.2 

48 

5-13 


49 

5-24 

-- 

50 

6-4 

6.2.1 


6-8 

6-20 Table 6-4 
6-21 6.3. 2.1 


COMMENT (£n«c( wordino of rtco/mn«nd«d chmt* mull ba givtn) 

Question: What telemetry Is received In Mode 07 Is 
FSA on or off In Mode 0 (off)? Are there substates of 
Mode 07 

Question: What determines the 64 second Implementation? 
Will this update have to be more often If rate gyros 
drift more than allowed by spec? 

Some Items are not compatible with similar Items in the 
Mission Control Procedures (correct title?) TRW MP-04S. 

In the last para, of p. 5-7, three commands are 
Identified as critical. They should be so identified 
on Table 5-2. 

Same comment as Item 45 above (Example: "TA-A First 
Mode Leave "1n this document Is identified as "TA-B...* 
In MP-04S; the latter probably Is correct). 

The sentence "The wheels are then run to 2000 RPM and 
the maneuver begins" should read " The wheels are 
accelerated and thi^ maneuver begins .'* 

Figure 5-9 should Indicate Interface between OPE and ' 
RGA's. 

P.econmend change In procedure to allow for RG 
calibration before beginning the scan for ground 
attitude determination and setting the NSA scan rate 
as high as possible (In real time). 

Discussion on NSA capability vs requirements. Include 
both rate and attitude Initial conditions. 

Reconcile gains In table 6-4 with those In App. E, 
memo HEAO-76-460-175, p.2. Reconcile difference of 
maximum rate gain (15) of same memo and Flight Program 
Requirements Dreument D01137 (500). 

Discuss resolution of problem of not meeting "Absolute 
pointing accuracy" when guide stars are separated by 
less than 1.8 degrees. 


_^_RtNT*rKj tb Hrw iiuintt<r wltMn iwruispri or ■uttpwagT^iti. 

Miivc.riMi «• (ARfiMtiHi) 
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Page 5 of 5 


RECORD OF COMMENTS ON PUBLICATIONS 

DATE: 

October 4, 1976 

SUBJECTi 

HEAO- 

B ACOS CDR 

(26000-460-042, 19 October 1976) 


AE VISION NOTcS FROMi 

S. M. Seltzer. HEAO-B ACOS Review Team, MSFC 

1T£M 

HO. 

PAQC 

PARAOMAPH i 

•INK* 

COMM6NT (£K«ct wording of rocommtndgd CM ngg mui( &■ g'wgn) 

54 

i-28 

6, 3. 2.1 


Describe the sloshing and structural interaction 
simulations that have not been released. (See App. E, 
memo -178, p. 31, which says additional modelling of 
slosh is recommended. Memo also shows marginal stabili'y 
for variations considered and says additional testing 
of RWEA is required, p.20). 

55 

6-42 

6. 4. 2.1 


Summarize numerically the requirements for separation 
rates and attitude initial conditions along with the 
capabilities. 

56 

13-7 



Provide detailed HEAO-B ACDS subsystem test plans 
(describe all test cases planned). 

57 

14-1 

14.2 

0-16 

There is no problem with the system momentum test no 
matter what initial momeritum the maneuver was started 
from. 

58 

14.2 

14.4 


Since the momentum at maximum FPTA speed is only 
slightly more than 1 ft-lb-sec there is no problem. 

53 

^pp. B 

Software 

Documentat 

on 

D-1137 of 21 Juno 1976 should be referenced, rather 
than 12 January 1976. 
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General Comments 

1. The earth magnetic field is modeled as a tilted 
dioole (HEAO-74-460-084) with the justification that 
magnetic torques are small with respect to the gravity 
gradient torques. Since the recognition of a 4ir error 
in the magnetic torque model this assessment may not be 
true any more and a more accurate model of the earth 
magnetic field may be necessary. 
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2. Describe planned activity and schedule for resolving 
effect on ACDS of telescope to spacecraft isolators, | 
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3. In the Appendices: Portions of the TRW memos are 
obsolete and hence Incorrect. These obsolete passa^^ j 
should be identified. 

63 

* 

rtfIM to Hr 

,L., 

1" numbo; wltfMft t|i 

• pfrHfiP 

4. The first time the period for one revolution of the 
RW is mentioned, the magnitude should be described as 
well as the fact that the direction of revolution is 
Identified. 


•nrc-rontiM* (Aii«uftiHi) 
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APPENDIX N 

REVIEW TEAM (MILNER) QUESTIONS CONCERNING RID NO. 5 


PAfTTP RT /ixTT*' 

age blank not FTLMjgi 


/O /P-i/7t-, 


ADDHlONAk INFORM A j ION KKQrTl-.:- , i ,i) 


/ 

I- 


>. • 


Sliiir TH\V>< main objection lo immediately jilatinj; the Hi., 'v-i ^>1 hurvatniy 
in a roniroUwd modi' (FSA) when an LPL "trigger" i.s given. 

How much capatity (worat case) remainA in the batteries wh(;n the bus voltage 
drop# to 20.5 volt#? Aosume thi# happens on the first day ol' launch. 

Wti.H aition is TRW talcing to preclude Inadvertent "trigger" of the UV ..<en.Hor 
when the reaction WheoU are manaiiog momentum? 

Identify the HEAO-B Miialon Conft^ Procedures aseociated with UV and LHL? 

■* 

When will they be available for MSFC review? 

What is the probability inumber) lliai an LPh "trigger" will occur on riHAO-B 
during orbital operation#? 

What is the probability (number) llWiI the UV sensor shall b.- "disabled" 
onboard the HKAO-B Observatory when an LPb "trigger" might occur V 


/ <♦ . -if ' 


1 . 

V 4 ^ 

3- 

TVa-IS. ./j ' 






r\- 






/ 
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APPENDIX 0 


NOTE TO SELTZER FROM MIGHT, DATED 
AUGUST 20, 1976, SUBJECT: 
"ACTION ITEM NO. 14 
RESPONSE" 


I 


I 


NOTE 

TO \ S. Seltzer 


FROM H. Right 


August 20, 1976 


SUBJECT Aetion Item No. 14 - Response 


Action Item No. 14 is as follows; 


Attempt to obtain CDA related changes of Preliminary Design Audit 
for DPA software and ensure that team has the latest software 
requirement s , 

The following information obtained from TRW during the week of August 16 
is. the latest available information on HEAO-B flight software which TRW 
had available for release: 

1. D01137, Dated June 21; 1976. CADM date Augus t S , 1976. 

This is the initial baseline release~~the first official 
release, and should have all of the HEAO-B DPA flight 
software requirements specified. Nominal values of parameters 
have not yet been specified and were not available. They 
will be specified by D. Hoffman later. (J.-^ 

2. A list of HEAO changes since the A CDR and B PDR was provided. 

The last item on the list was added by me, so there may be 

other changes not listed by TRW, Flow charts and design 

document changes were not available. In fact the Flight 

Program Design Document has not yet been officially released 

on B, The particular value MT was specified to be about equal 

to 0.999XXXXX, where X = TBD. The use of the parameters MODE 

and MD was basically an evolution and programmers choice, and . 

will not be changed since it works and is common with A, [i-f'jjfs'- ■ ^ 


3, For areas common to A and B, the A Flight Program Design Doc;^ent 
is a source of information, but must be used cautiously. This 
document is in the Repository (D00968). 

A list of HEAO-B flight software concerns is attached.^ As you can see, 
most have been or are being resolved. Hopefully all will be resolve 
at or by the AGDS CDR time. 


2 - ^ 



ion H. Right, ElOi 
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4. CHANGES TO DESIGN BASELINE SJItrr aTAn.te gaa 

4J /t ^r; a r oA 

The ACOS design Is based on maxIiDuni conmonaTflty of all HEAD spacecraft. 
The design changes from the HEA0>A baseline are generally related to the 
following Items: 






Hardware Changes i 

• Add two gyro channels , • ' , • 

0 Addition of 4 skewed reaction wheel assemblies 

• Addition of 4 reaction wheel electronics assemblies 

• Connection of HRT command and data interfaces 

Software Changes ^ 

t Delete Celestial Scan mode 
t Add MRT star tracker and reaction wheel input 
t Add RWEA command computations 
f Add HRT star tracker processing 
f Add on-board attitude reference update 

• Modify command and telemetry Interfaces. 

// c 


vf 


r , 

0 






• /ctv C- ' ! Ml, i7'< <'i 


*Wr 


,>i;. 


• ' ■■ i 
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f4,\^A 


fl 

• 
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HEAO-B CONCERNS RELATED TO FLIGHT SOFTWARE 


rate gyro and star cr.i<;ker performan'';e — \potential 


2a CEI Spec anomalies paper problem. List attached. 

3, On-orblt support of flight software changes -- being worked to 
an acceptable resolution of just having the equipment readily 
available. 

J 4. Subsystem Spec 

J 5. Other documents yet(^o^e review^ -- These include the Flight 
Program Requirements Document and the CDA package. 

^ 6. Test results need to be evaluated — Software Qualification Test 

and ACDS (Subsystem) Test. Open until tests are performed and 
reported. 

7. Memory Size -- Considered adequate now with about 1000 words 
spare and with recent dfshTj^foval of many changes by Dr, Speer. 

8. (election of nominal 'parameter values n^t consider-J a problem. 

To be defined before qualification tests begHT. “ ““ ' 

9. Adequate tests of DPA/STA/TA — component, ACDS, and Observatory 
tests are considej^ed xs^sonable. 

10. OCC/Van test adequacy — Considered adequate, uses flight program. 

11. Documentation problems — no w sol ved, to be received per DR. 

12. Visibility problems -- now solved by TDY plus copies of changes. 


(ACDS^ paper problems. 
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OMPUTING, INC. 


P. O. BOX 5133 
HUNTSVILLE. ALA. 35805 
<205> 772-3411 


August 9t 1976 


SS-76-121 


MEMO TO; System Software File 

SUBJECT: Recommended Corrections to HEAO-B . * 

Observatory System Specification 

REF: HEAO-B Observatory System Specification., 

Rev. A, MSFC Document 7ZM10067, November 15, 

1974. 

In response to an action item requested by the ad hoc HEAO-B ACDS Review 
Tearri, a partial review of the referenced document was performed to iden- 
tify items which need correcting or updating. This review covered only 
those portions of the document related to the ACDS and its interfaces. The 
attached list of change recommendations was generated as a result of this 
review. 


RLC/jw 



G. M. Hteschen, Jr. / 


Attachment a/s 


Distribution; 

EL04 (2 copies) 
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SS-76-121 


Attachment 
August 9, 1976 


recommended changes to HEAO-ra 

SPECIFICATION RELATED TO ACDS 


■9 

1. Page 3-32, paragraph 3. 1, 1. 2. 5. 1. 3 

The last words of the paragraph . . such as the diptal computer, 
do not correctly identify a failure which automa>ff3ically initiates FSa 
( only under -voltage does tliis). 

These words should be deleted. 


2. Page 3-32, paragraph 3. 1. 1. 2. 5. 2. 1 , • <. * 

The last sentence "The rate about the Z axiLS shall be maintained 
at less than . 1 degree per second. " does not shiow the intent that 
the observatory must have some rotation (i. e. , a zero rate is 

unacceptable). j r 

The paragraph should be clarified to show the need of a rate 

about the Z axis. ' The inclusion of a minimum rate (e. g. , .01 degree 

• per second) would provide this clarification. 

3. Page 3-33, paragraph 3. I. 1.2, 5.2,4 . n . j 

The final phrase ". . . the experiment sensor system is allocated 
no more than TBD° error. " should have the TBD provided. 


4. 


5. 

6 . 


Page 3-35, paragraph 3. 1 . 1 . 2. 5. 8. 1 

The "TBD" in the last sentence should be provided. 

Page 3-35, paragraph 3. 1. 1. 2. 5. 8, 2 

The "TBD" in the last sentence should be provided. 

Page 3-31, paragraph 3. 1. 1. 2. 5. 1. 1 

Mode name, "Sun Point," should be change(d to Normal bun 


Acquisition. " . , j r- 4 . 

Also, in tide mode description, this is specified as the mode firs 

entered after deployment from launch vehicle. Description should be 

changed to delete this specification. 


7 . 


Page 3-32, paragraph 3. 1. 1.2. 5. 1. 3 

Mode name, "Sun Point Failure Mode, " shwuld be changed to 


"First Sun Acquisition Mode. " 

Also, the fact that this is the mode first enfcered after •. eploymen 
from the space vehicle should be included in the mode description. 


ORIGINAi; PAGE IS 
OP POOR QUALITY 


APPENDIX P 


NOTE TO SELTZER FROM KENNEL, DATED 
3 SEPTEMBER 1976, SUBJECT; 
"RESPONSE TO ACTION ITEM 
NO. 17" 


NOTl; 


3 Sept 76 


TO : S, M, SeltteT/Kl)12 

FROM : H. F. Kennel 

bUBJliCT: Response to Action Item No. 17. 


The action item reads ts follows. 


•'Detomiine momentum vs. time analysis/simulation status, paying 
particular attention to 'lazy susan' and any x axis pointing 
• requirement." 


The Focal Plane Transport Assembly (FPTA, 'lazy swan*) 
a motor through a gear train (170:1) and a harmonic drive (200:1) to 
bring a different experiment on the optical axis. To assess the maximum 
angular momentun and the effect on pointing the following data was 
collected (source in parentheses) : 


Focal Plano Transport AsaembW 

inertia (TRW, MR. Todosiev - estimate) 

(AS6E, Mr. Brlssette - calculated) 
top speed 

maximum angular travel (A5f,E, Mr. Brissette) 
time for max. angular travel 
Acceleration time to top speed (AS6E) 
deceleration time from top speed (ASftE) 
angular momentun at top speed 


41.4 sl-ft^ 

40.4 sl-ft^ 
0.235 RPM 
1.41 */sec 

32C* 

226.7 sec 
0.021 sec 
0.045 sec 
1.02 ft-lb-sec 


Motor 6 Gear Train 

inertia (TRW, Mr. Todosiev - estimate) 
top speed (Mr. Wolf) 

total gear ratio (Mr. Wolf) ^ , 

angular momentum at top speed (TRW, Mr. Todosiev) 


2.4x10"^ 5l-ft^ 
8000 RPM 
34 000 : 1 
0.02 ft-lb-sec 


Total Angular Momentum of FPTA, Motor 6 Gears 
about vehicle x axis 


jlToT^t- lb-sec 


The acceleration of the FPTA is so fast that we can 

We got a vehicle x rate reaction (at x^^ inertia of 1000 sl-ft ) 

J ^ «ja«»3 asffSme 


vehicle x rate (.235)(41.4)/(1000) 

If the X rate remalna unopposed by the ACDS (no control) 
maxlmw vehicle x angle (320) (41. 4)/ (1000) 


9.73x10“* RPM 
0.0584 “/see 


13.25* 
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Kach reaction wheel can produce torque about the vehicle * However, 

for 3-RW operation, only the two opposing RW’s can do *o without dls- 
tuibancc of the y or z axis. We get 


max. RW x torque ( 20 )'( 2 ) (sin20®)/(12)/(16) 

time needed by RW’s to cancel FPTA momentum 

max. X angle (at time of momentum cancellation) 
(0.0584) (14.6)/(2) 


0.0713 ft-lb 
14.6 sec 
0.43* 


The CEI SPECS state ( 3 . 1. 1.2, 5. 2. 2) that an angular excursion ^out m 
axis in the y-z plane of 1* (0.68 probability) is accptable. 
spec about the x axis. Tberefore 0.43“ max. excursion should be more than 
acceptable, i.e, there is no problem during Celestial P oining^. 

It is apparently desirable (in order to save experiment time) to rotate the 
FptA during the maneuver to the next target. As long as the 
and deceleLtion of the FPTA fall into acceleration or 

for the maneuver, there is no problem. A potential sSurated 

d'.ring the noncontrolled phases of the maneuver when ^ 

and the control commands are nulled as a consequence. The worst case 
angular deviation about the x axis occurs when the FPTA 

ated (and the effect compensated for) during the acceleration period of the 
Ta^Li^and the FPTA is^topped right after the RW's have saturated for the 
maneuver coast. An angular rate of 0.0584 /sec will appear * 

axis that could remain unopposed until the deceleration phase of the maneu- 
ver begins. For a maneuver of 180* the acceleration and deceleration 
phases last about 250 sec each and the coast phase ab^t 500 sec. I -■ 
roSequertly a x angle of almost 50 “__ cgullJe^ Tbis causes no 
problem for the succssful completion of the maneuver, but could.^ 
ob 3 e c tionable from other standpoints . 

Bottom Uno! ReotUntation of the FPTA is no problem during 

— Reorientation during maneuvering could bo ^jcctlonable fro. 

Other than ACDS standpoints (thermal, etc.)o 






Hans F. Kennel, ED12 
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APPENDIX Q 

ECR BY SHELTON, DATED SEPTEMBER 30, 1976, 
SUBJECT: "JITTER DEFINITION" 


J.UKMNO PAGE BLANK NOT PILMEB 
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ItA.M 

1 1 1 1 4 w I 1 


M’.r c 

I N{'ill'll I nine CHANGE f^EQUCST 

j 4 *tn rn»rnrj 


LL/] 


1 i„>tr, j 4 

',c p tf -mber 30 » 197^ ' 1 


ED12/H. Shelton 


outer- OefinUion 

» , . j| 1| |l {Mill till t « : 

ri<'rj;iilf KX«.Min>rr 

in *i« ii MM I'ti^iMii t.H r ri‘») /\i * I C"i t iJ* 


HEAU 832-11-01-100 


I" 

1 


mi uM^M niTlo mm ciivitvi 

ACDS Performance 


It Nl I O 1 


ASAP 


17 l.f’lD t T r Al I I f; 1 1 fJ ov NOMCNCLATURCi 

ACDS 


(iT HAM r INI' TATION AP*^CC TCO f 5 P*ca. iCb. PlCJl 

ilEAO-B Observatory System 
Specification Rev A 
: . CEI Humber KG 0002_ 


'ill la 11 11 rHANCi s lEcii, ECP, Cfl.oie 1 Bv numiic ii 

None 


A 1 ION Fon CHANCfe (iritiudt .ti«l if nol 1n<:..;u«..7r.1l lit A««SI.y. comlnu. on MSEC . ro.m Com.AMt.OA 

The word jitter is used several times In section 3. 1.1. 2. 5 in specifying the ACDS 
reouirements. Jitter is often thought of as a rate. In this ease, according, to 
Mr. J. Powers (HA24) and Mr. Schwindt (Memo #HA29-76-048) jitter is not a rate. 
The intended definition should be included in the observatory spec. 


f FFECTSON; 


□ Schniuk (See Endoxure^ 


_for impQcl) 


I .] Uarxluorc U] Facility , ^ . r- , 

OCX Snfnuirr KX fipifitirrmcnd Pncumeniattiiit O Cosi (EsUmated cost included in Enclosurt_ 


O OiEtr (Specify/ 


, comlnu, on NISFG . roim 2317 . 1 , conllnuilloB 


OESCTRIPTiaN OF GMANCE lintllKl* fo1««nc« to •ncl6»u.«1| III n«CMiiry 

At the end of paragraph one (1) under section 3.1 .1 .2. 5.2. 2, add: "Jitter (or short 

tonii stability) is defined as the attitude error variation allowed In any one (1) scroM 
of time. Probability of 0.68 mean:; 0.68 sec of each 1 sec the allowable error must not 

Interpret'ations of jitter other than this can lead to a more complex and costly system 
and, in fact, can lead to an erroneous design. 


1 — , 
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APPENDIX R 


MEMO TO SELTZER FROM CARLILE, DATED 
SEPTEMBER 28, 1976, SUBJECT: "ACTION 
ITEM: DEFINE WHAT IS MEANT BY 
PROBABILITY IN SECTION 3. 1. 1.2.5 
ACDSOF72M10067" 


SI .ilonal Aeronautic;' and 
Space Administration 

George C. Marshal) Space Fligfit Center 
Mar shall Space Flight Center Alabama 
35812 


r /-ca 


SEP 2 e 1370 


Ropi/ to 4iifl or HA23-76-733 

XO: ED12/S. Seltzer/ Chairman HEAO-B A CDS 

Ad Hoc Group 

DROM: HA23/C. Carlile 

SUBJECT: Action Item: Define what is meant by probability 

in Section 3.1. 1.2.5 ACDS of 72M10067 


Each reference to probability in this section concerns the accuracy o. 
pointing or aiming of either the -i-X or +Z axes of the observatory. The 
pointing accuracy is in terms of a half cone angle about a defined reference 
point or direction. 

The reference direction for jitter and stability of pointing should be 
interpreted as the direction of the axes at any instant of time during 
celestial point, then measure the error between that direction and the 
instantanous direction for the specified time period, respectively. 

If the error in terms of half cone angle between the reference direction 
and actual dir action is measured and plotted as a distribution curve the 
probability associated with each parameter is the fraction of the total 
measured errors falling within the stated error limit. 

The measurement of each parameter should be made over a period 
associated with the respective function. 

1. Para, 3.1.1. 2. 5.2.1 Sun Point - This function is to keep sun on 
the solar panels and to get star tracker measurements to determine 

the initial attitude. The period associated with this function should be one 
orbit. 

2. Para. 3 . 1 . 1 . 2. 5. 2. 2 Celestial Point - 

2a, The period associated with this function should be the 
pointing for each target. 
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2b. The respective time period for jitter and stability 
(i. e. 1 sec and 1 hour). 

2c. Each desaturation period. 

3. Para. 3. 1. 1. 2. 5. 2. 4 Attitude Determination - The period 
associated with this function should be the pointing for each target. 


C 


'c. 


D. Carlile 
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